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Charles Augustus Young was born on December 15, 1834, at 
Hanover, New Hampshire, the seat of Dartmouth College. His 
father, Ira Young, had in the previous year begun his duties as pro- 
fessor of mathematics and natural philosophy in the college, in suc- 
cession to his father-in-law, Ebenezer Adams, who had occupied the 
same chair from 1810 to 1833. Ira Young had married Eliza M. 
Adams, daughter of Ebenezer Adams, and Charles Augustus was 
their first child. The Young and Adams families were both of English 
origin but had lived in New Hampshire for several generations. Ira 
Young’s professorial chair was changed to that of natural philosophy 
and astronomy in 1838, and was filled by him with distinguished 
success until his death twenty years later. 

An interest in science was thus natural to Charles Young, both 
by association and by inheritance. Endowed with an unusually 
active mind, he was ready for college at the age of fourteen and a half 
years—very early even for those times. Four years later, in the 
summer of 1853, he received the degree of Bachelor of Arts, the 
intellectual leader of his class of about fifty men. From early youth 
he had been accustomed to assist his father, when possible, in his 
scientific duties, and his skill in manipulation of instruments was no 
doubt partly due to this early experience. It was thus natural for 


Note.—The accompanying portrait was taken at Princeton in April 1897, when 
Professor Young was 62 years old. 
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Ira Young to take his son with him when he made a trip to Europe 
in 1853, in quest for instruments for the Shattuck Observatory, then 
in process of establishment at the college. 

For two years after graduation Charles Young taught the classics 
in the well-known preparatory school, Phillips Academy, at Andover, 
Massachusetts. During the next year he studied in the theological 
seminary at Andover, in accordance with an early plan to become 
a missionary, continuing for a part of the year his instruction at the 
academy. 

An invitation to become professor of mathematics, natural phi- 
losophy, and astronomy at the Western Reserve College at Hudson, 


Ohio, now changed his career, fortunately for science. He entered’ 


upon the numerous duties of his new position at the beginning of 
1857, and for nine years devoted himself to this work of teaching, 
with little opportunity and presumably with little apparatus for 
research. He established a time-service for the neighboring city of 
Cleveland, but it does not appear that he made astronomical observa- 
tions to any considerable extent. During several summer vacations at 
this time he acted as astronomical assistant on the government’s 
lake survey, being chiefly engaged in telegraphic determinations of 
longitude. 

In the summer of 1857, shortly after he began his work at Hudson, 
he was married at Concord, New Hampshire, to Miss Augusta S. 
Mixer. She was a woman of unusually gentle disposition and char- 
acter, understanding well how to enliven her husband when he was 
depressed with his many cares and responsibilities. Their singularly 
happy union continued for nearly forty-four years, until broken by 
her death in rgo01. Their children, a daughter and two sons, were 
born while they lived at Hudson. 

In 1862 the teacher left his classroom duties, in prompt response 
to the call of the governor of Ohio for volunteers, and was for four 
months captain in the 85th Regiment of Ohio, his company B being 
chiefly constituted from the students of the college. The company 
did not see actual service in battle, but was detailed to duty in 
guarding prisoners, and later escorted a large number of prisoners to 
Vicksburg to be exchanged. Professor Young’s health was somewhat 
impaired by this patriotic service. 
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In February 1866 he accepted the call to the professorship of 
natural philosophy and astronomy at Dartmouth, succeeding his 
father after a lapse of eight years. This particular chair had been 
sufficiently endowed so that quite a large collection of apparatus, par- 
ticularly in optics, had been acquired for lecture use. Fortunately 
for the teacher, the method of laboratory instruction had not at that 
time been introduced in America; otherwise he could hardly have 
found time for the researches which marked the next few years, and 
established his position as a leader in the rapidly developing branch 
of solar physics. 

His published writings on this topic began, so far as known, with 
a series entitled “Spectroscopic Notes,” published in the Journal 
oj the Franklin Institute, the first of which was dated July 19, 1869. 
He was provided with a spectroscope having five prisms of 45° 
attached to a four-inch telescope equatorially mounted. With this 
he carefully studied the spectrum of the chromosphere, and watched 
with a natural interest the strange forms of the prominences, the 
methods for observing which had been simultaneously announced 
by Lockyer and by Janssen only in the year preceding. These “Spec- 
troscopic Notes” were eight in number, the last dated November 1870. 
They are brief and to the point. The second recorded drawings of the 
prominences, and the third was accompanied by a quite satisfactory 
lithographic reproduction of ten sketches, which have since been 
widely copied. He refers in the second note to his first observation 
of the bright lines of the chromosphere extending in upon the disk. 
In the fourth he describes his first study of the spectrum of a sun-spot, 
finding the C and F lines reversed and many lines widened, as had 
already been recorded by Lockyer. Young expresses his surprise at the 
prominence of the lines of titanium in the spot spectrum, which was 
also true of certain calcium lines. On September 22, 1870, he saw 
the sodium lines D, and D, reversed in the umbral spectrum. He 
adds: “At the same time the C and F lines were also reversed, but 
with the great dispersive power of my new spectroscope I see this 
so often in the solar spots that it has ceased to be remarkable.” 

Two days after he sent this communication to the editor of the 
Journal of the Franklin Institute, he wrote again announcing his 
success in obtaining a photograph of protuberances on the sun’s 
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limb, using “the hydrogen line near G” (Hy). A wood-cut was 
made from the photograph, but, with the modesty which was always 
characteristic of him, he says: 


As a picture the little thing amounts to nothing because the unsteadiness 
of the air and the maladjustment of the polar axis of the equatorial caused the 
image to shift its place slightly during the long exposure of three and a half 
minutes which was required, thus destroying all the details. Still, the double. 
headed form of the prominence is evident, and the possibility of taking such 
photographs is established. 


This was the first photograph of a prominence obtained anywhere, 
and it prepared the way for the developments which have made the 


photography of the prominences to be a daily routine at observatories: 


concerned with the sun. 

Professor Young describes in his fifth note the new form of spectro- 
scope he designed for solar work, having the dispersive power of 
thirteen prisms, the light passing first through the lower portion, and 
then back through the upper portion of a train of six prisms. The 
apparatus was made by Alvan Clark and Sons, and Professor Young 
expresses his admiration “for the exquisite workmanship of the 43 
different surfaces by which the light is either refracted or reflected on 
its way from the slit of the collimator to the eye.’”” The writer can 
add his testimony to the delight in the use of the same instrument, 
practically unchanged, nearly twenty years later, and it is still of 
excellent service despite the improvements of spectroscopes with the 
general application of the diffraction grating. 

The eighth spectroscopic note gives in a dozen pages an admirable 
statement “on the construction, arrangement, and best proportions 
of the instrument with reference to its efficiency.”” The advantage of 
using a half-prism at the beginning of a train is pointed out, and a 
simple form of chemical spectroscope is proposed in which flint 
half-prisms are cemented directly to the single crown lenses of colli- 
mator and observing telescope, the back surface of the prism being 
made concave to fit the lens. The plan is a very good one and has 
recently been applied in celestial spectroscopes. 

With keen interest in the study of the chromosphere and promi- 
nences, stimulated and made possible by the far-reaching results 
of the spectroscopic observations of the solar eclipse of 1868, it was 
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natural that Young should wish to observe the eclipse of August 7, 
1869. He became a member of the party organized by the U. S. 
Naval Observatory, under the charge of Professor J. H. C. Coffin of 
the Nautical Almanac Office. The station was at Burlington, 
Iowa, and was favored by fine weather, so that excellent results were 
secured. An interesting account of this eclipse was contributed by 
Professor Young to the American Journal oj Science for September 
1869, under the title “On a New Method of Observing Contacts at 
the Sun’s Limb, and on Other Spectroscopic Observations during the 
Recent Eclipse.”” Half an hour before totality he conceived the idea 
of observing the contact through the spectroscope set radially upon 
the sun’s disk, and watching the bright C line shorten under the 
approach of the moon; he was gratified at the realization of his plan, 
and he felt confident that his observed time of contact must be accu- 
rate within a second. He suggested the application of the method to 
the case of the transit of Venus of 1874 for which preparations were 
already in mind. He later found that this proposal had been made 
to the French Academy by Faye in January of that year. 

Young examined during the totality the spectrum of prominences 
which he had located earlier in the day: C was brilliant, the next to 
it was “the orange line, which for convenience I will call D,.””. Then 
he noted that the line 1474 K extended clear across the spectrum, 
and persisted when the slit was moved away from the protuberance. 
“Thus it was evident,” he states, “that this line belonged, not to the 
spectrum of the protuberance, but to that of the corona.” He also 
noted a faint continuous spectrum, without dark lines, “evidently due 
to the corona.”” The apparent coincidence of three coronal lines with 
lines located by Winlock in the spectrum of the aurora led Young to 
entertain the view that the phenomena of corona and aurora were 
related, with 1474 K in particular present in both. He did not assert 
the relationship with any positiveness, stating: “I do not feel in a posi- 
tion to urge it strongly, but rather await developments.” Although he 
soon saw the error, it was long before it could be suppressed, after 
once gaining currency. ‘There was much discussion as to the origin 
of the characteristic corona line 1474 K, Lockyer regarding it as due to 
iron, Secchi as due to hydrogen. The matter was not really cleared 
up until the Indian eclipse of 1898, when both Lockyer and Campbell 
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found that the wave-length of the corona line is actually a trifle less 
(A 5304 on Rowland’s scale) than 1474 K (A 5317). The latter is, as 
Young found, a characteristic chromospheric line, and is probably 
due to iron. 

In view of the interesting discoveries at the eclipses of 1868 and 
1869 it is not surprising that a strong party of American observers, 
under Professor Winlock, including Professors Langley, Pickering, 
and Young, was prepared to study the phenomena of the eclipse of 
December 22, 1870, at Jerez in Spain. Better favored than most 
other parties, they had a chance for observations at totality, through a 
break in the clouds. Young’s discovery of the 1474 line as due to the 
corona was fully confirmed; it was followed out beyond the limb for a. 
distance of more than half the solar radius, and it was seen to be the 
brightest of the lines. Let us now quote from Young’s own words: 

No new lines were observed with which I was not before familiar. But 

just at the commencement of the totality I made an observation, which was 
wonderfully beautiful to see, and which, I think, has important theoretical bear- 
ings. The slit of my spectroscope was placed tangential to the sun’s limb, just 
at the base of the chromosphere, the 1474 line on the cross-wires. As the crescent 
of the sun (or decrescent, rather) grew narrower, this line, and the magnesium 
lines close by, as well as some others in the same neighborhood which I am 
accustomed to see bright in prominences, gradually increased in brilliancy, when 
suddenly, as the last ray of the solar photosphere was stopped out by the moon, 
the whole field of view was filled with countless bright lines—every single dark 
line of the ordinary spectrum, so far as I could judge in a moment, was reversed, 
and continued so for perhaps a second and a half, when they faded out, leaving 
only those I had first been watching. This points to an atmosphere of heated 
vapor some five or six hundred miles in thickness above the photosphere, and 
tends to make Kirchhoff’s original theory of the constitution of the solar surface 
again tenable. 
This is from his interesting account of the eclipse written on the 
next day for the college paper, The Dartmouth, to which he had 
previously contributed an exceedingly readable narration of his visits 
en route at Gibraltar and Tangier. In his letter to Professor Morton 
for the Journal oj the Franklin Institute, also written on December 
23, he states his discovery of the reversing layer very clearly: 

But the most interesting spectroscopic observation of the eclipse appears to 
me to be the ascertaining, at the base of the chromosphere, and, of course, in 
immediate contact with the photosphere, of a thin layer, in whose spectrum the 
dark lines oj the ordinary solar spectrum are all reversed. 
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The phenomenon was also seen, for an instant only, by Mr. Pye, 
a young Englishman, who assisted Professor Young, using one of 
his spectroscopes. 

The objective reality of this phenomenon was not fully confirmed 
until Mr. Shackleton, of Sir Norman Lockyer’s party at Nova Zembla, 
a quarter of a century later, obtained the first successful photograph 
of the “flash spectrum” at the eclipse of August 9, 1896. Since then 
it has been photographed by many observers at most of the eclipses 
favored with clear skies. 

The problem of the solar corona occupied Professor Young’s 
mind for some time after the eclipse, and in May 1871 he published 
in the American Journal of Science a paper “On the Solar Corona,” 
‘supplemented by a note on its spectrum, in the July number. After 
the lapse of nearly forty years there is little to be added to his presenta- 
tion of the complex nature of the spectrum and the probable sources 
of its constituents. 

A lecture delivered before the Yale Scientific Club, on “The 
Sun and the Phenomena of Its Atmosphere,’’ was published as a 
booklet of duodecimo form of 55 pages in 1872. It probably was 
not widely circulated, but it formed the basis of his classic, The Sun, 
of the International Scientific Series, which appeared in 1881. His 
observational activities were still chiefly directed to the sun, although 
he printed in The American Journal of Science in 1870 an account 
of “a new method of determining the level-error of the axis of a 
meridian instrument;”’ and of observations of the spectrum of Encke’s 
comet, which was faintly visible to the naked eye in December 1871. 
At this time he had a 9.4-inch Clark equatorial for his work. The 
observations of the cometary spectrum were consistent and reliable, 
and could hardly be improved upon today with a similar telescope 
and the visual method. 

Four weeks of work in the autumn of 1871, nearly at the time of a 
solar maximum, sufficed for a preliminary catalogue of the bright 
lines Young saw in the spectrum of the chromosphere, 103 in number. 
He called attention to the abundance of titanium lines, which con- 
stituted one-fifth of the whole number reversed. The advantage 
of a high elevation, with diminished reflection from our atmosphere, 
was apparent, and in the summer of 1872 Professor Young, under the 
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auspices of the U. S. Coast Survey, made an expedition to Sherman, 
Wyoming, on a high plateau about 8300 feet above sea-level, where 
he set up his telescope and spectroscope and added 170 to his list 
of chromospheric lines. He states that the elevation gave 

even greater advantages for my special work than had really been expected, 
although I was never quite able to realize my hope of seeing all the Fraunhofer 
lines reversed, unless once or twice for a moment, during some unusual dis- 
turbances of the solar surface. Everything I saw, however, confirmed my belief 
that the origin of the dark lines is at the base of the chromosphere, and that 
the ability to see them all reversed at any moment depends merely upon instru- 
mental power and atmospheric conditions.! 

An observation very important in its bearing upon the future develop- 
ment of the study of the surface of the sun is mentioned at the end of | 
this brief paper. Referring to the fact that the calcium lines H and K 
were both reversed, as constantly as / or C when the seeing was good, 
he adds: “They were also found to be regularly reversed upon the 
body of the sun itself, in the penumbra and immediate neighborhood 
of every important spot” (italics his). 

Professor Young made a comparison of the solar outbursts observed 
at Sherman with the magnetic records at Greenwich and Stonyhurst, 
and regarded it as probable that every solar disturbance receives an 
immediate response from the earth, and that the magnetic impulse 
travels, sensibly, with the velocity of light. It is surprising that this 
question is still under discussion after every case of marked “earth- 
currents” or an unusually brilliant aurora: the probabilities are 
perhaps as much in accord with Young’s view as ever. 

The coming transit of Venus was now exciting the interest of 
astronomers. Professor Young was asked to take charge of a party 
to be stationed at Kerguelen Island, but was unable to leave his 
teaching for the necessary length of time. He did, however, join 
the party under Professor J. C. Watson at Pekin, which secured 
results satisfactory at the time, before the comparative futility of 
that mode of determining the sun’s distance was appreciated. 

At about this time Professor Young contributed semi-popular 
articles on solar phenomena to the Popular Science Monthly and 


1 This has now been practically realized at the Mount Wilson Solar Observatory. 
See the paper hy Hale and Adams entitled “Photography of the ‘Flash’ Spectrum 
without an Eclipse,” 4 strophysical Journal, 30, 222, 1909. 
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other serious reviews, and wrote for Johnson’s Cyclopaedia the articles 
on “Sun” and “Spectroscope.”” It must be remembered that during 
all of these years at Dartmouth he was teaching physics as well as 
_ astronomy to every third-year student in the college, and was giving 
annual courses of lectures at two or more schools for young women, 
beside many popular addresses. 

He had promptly appreciated the advantages of the diffraction 
grating when he saw those ruled by Rutherford, who later placed 
some at his disposal. He then detected the duplicity of the 1474 
line, thus apparently clearing up the outstanding difficulty as to the 
origin of the corona line, which he never could accept as an iron line. 
In the summer of 1876, with a good grating, he applied Doppler’s 
principle to the rotation of the sun and obtained the first good quanti- 
tative results by the method.' He hoped to use the atmospheric 
lines as reference points, but found those he tried “too faint and 
shadowy;” he therefore set his wires alternately upon the east and 
west limbs of the sun and measured the differences, obtaining for the 
velocity of the sun’s rotation 1.42 miles (2.29 km) per second, while 
the value derived from observations of sun-spots was 1.25 miles 
or 2.01 km. 

In the summer of 1877 Professor Young accepted a call to the 
professorship of astronomy at Princeton with the assurance of a fine 
modern equipment and less time required for the classroom. His 
special appreciation of instruments and his well-balanced judgment 
as a teacher contributed to the establishment within a short time of the 
best astronomical observatory for instruction provided up to that time. 
But in spite of the energy necessarily required for this new construc- 
tion, Professor Young was active in research as well as writing. In 
1878 he conducted a Princeton party to Denver to observe the eclipse 
of July 29. It was the plan to investigate the spectrum of the corona 
and chromosphere, especially in the infra-red and ultra-violet, but 
the results, at this time of minimum solar activity, were less than had 
been expected, although the day was fine: the corona line and others 
were far less conspicuous than at eclipses during a solar maximum. 

In the following year he made quite an extensive series of micro- 


' Vogel had made the experiment in 1871 with less dispersion, but his results 


could not be very accurate. 
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metric measures of the polar and equatorial diameters of Mars, 
using the excellent 9}-inch equatorial; the satellites were frequently 
seen with that instrument. Cometary spectra were also observed 
as they presented themselves in sufficient brightness, including 
Brorsen’s (1879), Hartwig’s (1880), and the great comets of 1881 
and 1882. 

By 1882 the excellent 23-inch Clark refractor was set up in the 
Halsted Observatory and provided with a powerful solar spectroscope, 
for his researches. 

An extended programme for the transit of Venus on December 6, 
1882, was carried out under somewhat unfavorable weather conditions 
at Princeton, micrometric, spectroscopic, and photographic observa-. 
tions being included. 

Professor Young contributed to the American Journal oj Science 
two further papers entitled “ Spectroscopic Notes,’ in November 1880 
and November 1883. Though brief, they are important: the first 
deals with the H line in the chromosphere; with the successful 
resolution of lines given on maps as common to two different elements 
(“basic lines’’); with the distortion of solar prominences in a diffrac- 
tion grating spectroscope, and deriving the formula therefor: he 
adds a note on an immense prominence, over 350,000 miles high. 
The second paper gives results with a powerful spectroscope of the 
Littrow type attached to the 23-inch telescope, whereby he resolved 
“the spot spectrum into a congeries of fine (dark) lines,’’ an obser- 
vation which has since been fully confirmed with yet more powerful 
apparatus. 

He had at about this time some exchange of opinion with a promi- 
nent English observer on the subject of large versus small telescopes. 
Admitting as “sadly true” the greater susceptibility of large instru- 
ments to atmospheric disturbances, he finds it also true 
that I can almost see with the 23-inch everything I can see with the 94-inch 
under the same atmospheric conditions, and see it better; if the seeing is bad, 
only a little better; if good, immensely better. ... . Under higher powers, 
also, markings which are conspicuous with lower ones often disappear in the 
same way that the naked-eye markings on the moon vanish in the telescope. 
Most commonly, however, when I have failed to see with the large instrument 
anything I supposed I saw with the smaller, it has turned out on examination 
that the larger instrument was right, and that imagination had constructed a 
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story that was not true, by building up faintly visible details and hazy suggestions 
furnished by the smaller lens." 

In 1892 when the Halsted Observatory received its new spectro- 
scope by Brashear with a fine Rowland grating, Professor Young 
undertook the work of revising his list of chromospheric lines; ill- 
health and other causes delayed the work so that it was never entirely 
completed, but it was published as “a partial revision” in 1894 in 
the edition in English of Scheiner’s Astronomical Spectroscopy. This 
was his last extensive piece of observational work on the sun. His 
other observations with the 23-inch telescope dealt with the planets, 
with certain double stars, and with the spectrum of Nova Aurigae. 

A beginning was made in stellar spectrographic work with the 
new instrument, using both a grating and prisms, but attacks of 
sciatica had reduced his capacity for prolonged night work, and the 
lack of a regular research assistant at the Halsted Observatory pre- 
vented a continuance of investigations in this field. 

Solar eclipses very naturally retained his interest and he was 
enabled by the generosity of friends to take a small party to Russia 
for the eclipse of August 19, 1886. The station selected by Pro- 
fessor Struve for this party was not very far from Moscow, but like 
most other points along the track of totality, it suffered from very 
bad weather, and no observations were possible. However, the 
trip gave Professor Young an opportunity to visit the leading observa- 
tories of Europe, renewing many friendships and establishing new 
ones, and he gave a very interesting account of it in Scribner’s Maga- 
zine for July 1888 under the caption “‘An Astronomer’s Summer Trip.” 

At the eclipse of May 28, 1900, Professor Young organized quite 
a large party from Princeton and established a station at Wadesboro, 
North Carolina. The weather was very favorable and excellent 
results were obtained, but the corona line was too faint for carrying 
out the programme Professor Young had prepared in that respect. 

During these years Professor Young was delivering many addresses, 
and he always took such responsibilities very seriously, unnecessarily 
so, indeed, in later life. A lecture upon a topic somewhat out of 
his regular line would often lie heavily upon him for weeks until 
satisfactorily worked out. His address as vice-president of Section A 


t The Observatory, 8, 172, 1885. 
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at the Buffalo meeting of the American Association for the Advance- 
ment of Science in 1876 was upon the topic “ American Astronomy, 
its History, Present State, Needs, and Prospects;”’ as retiring presi- 
dent of the association at the Philadelphia meeting in 1884 he dis- 
cussed “Pending Problems in Astronomy” in a masterly fashion. 
He delivered the principal address at the opening of the Kenwood 
Observatory at Chicago in 1891. 

He felt no shame in accurately popularizing science, and responded 
frequently to the invitations of the editors of the magazines. He 
also occasionally wrote at the request of the editors of New York 
newspapers, which did not at that time crave sensational articles so 
much as now. Probably the financial stress, so familiar (and per-: 
haps ultimately beneficial) in the experience of college teachers, was 
also a partial motive for some of these contributions. 

He contributed for Professor Newcomb’s admirable Popular 
Astronomy a statement of his views upon the constitution of the sun; 
and at the request of Professor Vogel, editor of the third German 
edition of that work, he revised that statement to correspond with the 
increase of our knowledge up to 1904. This was also printed in 
English in the magazine Popular Astronomy. 

In 1884, in conjunction with Professor E. C. Pickering, he edited 
for the Proceedings of the American Academy of Arts and Sciences 
the researches of the late Dr. Henry Draper on astronomical spectrum- 
photography. 

Professor Young’s reputation as an author, already well established 
by his many semi-popular articles, was widened still more on the 
appearance in 1881 of his book on the sun, which at once took a 
commanding place among works of its class; while it is a volume 
constantly needed by specialists in solar physics, it is written in such a 
simple and interesting manner as to attract and hold the intelligent 
general reader. It has passed through several editions, and has been 
translated into foreign languages. 

His rare experience as a teacher was finally crystallized in his 
General Astronomy, which appeared in 1888 and was widely adopted 
in college use. It emphasized one of his fundamental pedagogical 
principles, that the things taught “must be correct and accurate 
as far as they go.”’ It contains ideas suggestive to the investigator, 
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as well as teacher and student, and did much to encourage accurate 
thinking on the part of pupils who have studied it. The successive 
issues of the book were altered and enlarged by notes until a revised 
edition was necessary in 1898. Nearly 30,000 copies of this work 
have been printed. It called, however, for some rather difficult 
thinking for students not specializing in science, and a more elemen- 
tary book entitled The Elements oj Astronomy (with uranography) 
appeared shortly thereafter, and was used still more widely in schools 
and colleges. Responding to the demand for a work available for 
quite young pupils, the Lessons in Astronomy appeared in 1891, 
and over 60,000 copies have been sold. A textbook intermediate 
between the General Astronomy and the Elements seemed to be needed, 
and was issued in 1902 under the title of Manual of Astronomy. 
It is a handsomer book than the General and omits little of importance 
that is contained in the latter. An edition revised by his niece, 
Miss Anne S. Young, professor of astronomy in Mount Holyoke 
College, is now appearing. 

The very considerable labor involved in the preparation of these 
textbooks was not given at the expense of research, as the condition 
of Professor Young’s health had prevented him from much observing 
after the early nineties. By a strict regimen he kept in check the 
inroads of a very serious disease, from which his physician could pro- 
nounce him as practically recovered only a very short time before his 
death. 

His influence as a teacher was greatly widened by the large use 
of his textbooks, and the position of authority which they gave him 
carried with it the burden of an increasing correspondence and the 
answering of many queries from all sorts of readers. He was also 
consulted very generally by teachers planning new equipment, by 
young men undertaking spectroscopic work, and by the many who 
valued his scientific and educational experience. 

Upon the establishment of THE ASTROPHYSICAL JOURNAL in 1895 
he became a member of its advisory board of associate editors, a 
relation maintained, under that name or as collaborator, until his 
death. 

Insufficient allusion has been made to Professor Young’s apprecia- 
tion for and skill in mechanical matters. He devised an improved 
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clock escapement which has performed satisfactorily for many years 
at Princeton, and a suggestion of his is incorporated in most of the 
conical pendulum driving-clocks in use in this country. In practical 
astronomy he would have made more contributions had his time not 
been occupied with solar physics; but he proposed a method of 
investigating pivot errors, detected the serious effect of flexure in 
the “broken transit’? and showed how it could be corrected, and 
investigated in his own way the color-correction of achromatic 
object-glasses. He also wrote on .such physical topics as “ Mr. 
Edison’s Dynamometer, Dynamo-Machine and Lamp,” and he kept 
abreast with the new discoveries of physics and related branches of 
science. 

Professor Young’s personal characteristics were so obvious that 
it would be superfluous to describe them to his friends; to those who 
missed the opportunity of knowing him, it may be said that he was 
thoroughly infused with the true scientific spirit—ever ready to 
modify theory to accord with newly discovered facts, and to accept 
the revision of what were once the best facts available as new informa- 
tion was obtained by experiment and observation. He was entirely 
free from the dogmatism that often grows upon men with an enlarging 
reputation as authorities upon a subject. His modesty, even humility, 
in the consideration of the laws of nature, was a true characteris- 
tic of his greatness. This impressed itself upon his thousands of 
students, and upon the many auditors at his lectures. As a teacher, 
his methods and manner were simple and straightforward; his 
remarks were enlivened by a quaint humor which also pervades his 
writing. He took a genuine interest in his pupils and it was remark- 
able how quickly he learned and retained the names of the members 
of the large classes which always attended his courses, attracted 
probably more by the teacher than by the subject. 

Professor Young was small of stature, growing a trifle stout in 
later life; he was not especially fond of physical exercise and had no 
hobbies in the way of recreation, but he took a real interest in college 
sports. The writer has a very distinct mental picture of him in the 
early seventies, playing on his well-kept lawn the then popular game 
of croquet, for which several of his colleagues regularly gathered. 
He always aimed at skill in whatever he undertook. At Princeton 
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he found recreation in whist, playing a good hand on an occasional 
evening. 

The life in his home was ideal, and its gentle courtesy is remem- 
bered by the many who were welcomed to its cheer. Astronomers 
from foreign countries, traveling in America, always included a visit 
to Princeton in their itinerary when possible, of course far more to 
see the man than the excellent observatories under his charge. 

Mrs. Young was a singularly attractive woman, who playfully 
diverted her husband’s mind from his work when he was off duty, and 
by her devotion to him and attention to details, gave him the opportu- 
nity for performing his many duties with as little disturbance as possible. 
Her failing health greatly depressed him, and her death in 1g01 was 
a blow from which he could not recover. Other serious anxieties 
and sorrows came to him before this: the dangerous accident to his 
oldest son from an electric shock, causing paralysis from which 
recovery was long doubtful, and never complete; the death of his 
daughter’s husband, Professor Hiram A. Hitchcock of Dartmouth, 
after a short married life. 

Upon reaching the age of seventy, in December 1904, Professor 
Young sent to the trustees of Princeton his resignation, to be effective 
in the following June, when his service of 28 years would be completed. 
Evidences of appreciation of his long and useful service, and of his 
own personality, came to him from all directions during the remainder 
of the academic year, and brought much quiet satisfaction to him. 
He was made professor emeritus, and also came under the provisions 
of the retirement fund of the Carnegie Foundation. 

A farewell dinner, which brought out in a striking manner the 
unusual feeling of regard for him on the part of his colleagues and the 
university authorities, was given him on May 17, 1905, and a hand- 
some silver loving cup was presented to him. At commencement, 
a month later, the degree of Doctor of Laws was conferred upon him 
at Princeton, with further expressions of deep feeling. 

He returned to his early home at Hanover, where his daughter, 
with her son, lived with him. The enfeebled condition of his health 
did not permit him to undertake much work, however, and he again 
was afflicted by the long illness and death of his daughter. During 
the last months of his life he was recovering from the Bright’s disease 
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which had beset him for years, and there was hope that he might 
have some period of health, but after a brief attack of pneumonia 
he died peacefully on January 3, 1908, at the age of seventy-three 
years and nineteen days. He was survived by two sons, and by a 
grandson. 

Many honors naturally came to him during his career. He was 
made associate of the American Academy of Arts and Sciences in 
1869, of the Royal Astronomical Society in 1872, and later of the 
philosophical societies of Manchester, and of Cambridge, England, 
and of the Societa degli Spettroscopisti Italiani. He became a 
member of the National Academy of Sciences in 1872, and of the 
American Philosophical Society in the same year. He was made a: 
foreign correspondent of the British Association for the Advancement 
of Science in 1887. In 1891 he received the Janssen medal of the 
French Academy of Sciences for his spectroscopic researches. Hon- 
orary degrees were bestowed upon him liberally—that of Doctor of 
Philosophy by Pennsylvania in 1870, and by Hamilton in 1871; 
that of Doctor of Laws by Wesleyan in 1876, Columbia in 1887, 
Western Reserve in 1893, Dartmouth in 1903, and Princeton in 1905. 

Throughout his whole life Professor Young retained the strong 
religious conviction of his youth: he was essentially a man of faith. 
There was not to him any serious antagonism between the funda- 
mentals of science and of religion. This position gave him consider- 
able influence among those having to do with theological instruction; 
and, on the other hand, it had its useful effect upon his many college 
students, who had for him only the highest respect. 

Not a few of his pupils have taken up astronomy professionally or 
as teachers: through them, both consciously and unconsciously, and 
through his writings, his influence perpetuates itself—in research, 
education, and the public enlightenment. 
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THE RESONANCE AND MAGNETIC ROTATION SPECTRA 
OF SODIUM VAPOR PHOTOGRAPHED 
WITH THE CONCAVE GRATING 


By R. W. WOOD anp FELIX E. HACKETT 


The fluorescence and magnetic rotation of sodium vapor have been 
the subject of an extensive investigation by one of the present writers.' 
This paper deals with the further study of the phenomena under a 
higher dispersion than has been hitherto employed. In order to set 
forth more clearly the scope of the present investigation, a short 
account of the results which have been obtained in the previous 
work will be given, but for further information original papers must 
be consulted. 

The fluorescent spectrum of sodium vapor excited by white 
light consists of a region in the orange-red and another in the greenish- 
blue with a broad double band in the position of the D lines. When 
the vapor is dense, the spectrum in the red is seen to be distinctly 
banded. In the course of the present work it was found that the red 
and orange lines of lithium excite fluorescence in the red, but as these 
are the only monochromatic sources thus far found which do so, it 
has not been possible to make a detailed study of this region. A 
large number of metallic arcs, however, have been found capable 
of causing fluorescence in the greenish-blue. In some cases several 
lines in the arc are active, but wherever it was possible to isolate an 
exciting line, the spectrum of the fluorescence was found to be com- 
paratively simple and to consist of widely separated lines, most of 
which were placed at nearly equal intervals along a normal spectrum. 
In the earlier work, a three-prism spectrograph was used and the 
wave-lengths could not be determined within 2 A. U. with the disper- 
sion which it gave. The intervals varied between 34 and 38 A. U. 
Later work has shown that the intervals are still more constant, aver- 
aging 38 A. U. 

t Wood and Moore, Astrophysical Journal, 18, 94, 1903; Wood, Philosophical 
Magazine, 12, 499, 1906. 
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The vibrating system in the atom in the present case has such a 
constitution that it is capable of absorbing monochromatic radiation 
of a certain frequency and re-emitting a great part of it as radiation 
of the same frequency, combined with other related frequencies. The 
phenomenon may be considered as a case of light resonance. On 
this account it seems well to call the fluorescent spectra due to mono- 
chromatic stimulation resonance spectra. Light re-emitted without 
change of wave-length we may call resonance radiation. The simple 
relation existing between the wave-lengths in these spectra makes them 
a most interesting addition to the phenomena of radiation. ‘The 
series which have been discovered in the emission spectra of the 
elements have more complex formulae, and the inference that the 
members of one series form part of the same electro-mechanical 
system, though very plausible, has been disputed. But the lines in 
the resonance spectra must belong to the same system since they 
are all due to single exciting lines. It is of great importance to 
know the exact law connecting their frequencies, for this is a character- 
istic of the type of the system. As Professor Larmor has pointed out, 
a non-radiating system of electrons in steady orbital motion when 
disturbed by the absorption of a radiation corresponding in frequency 
to the frequency of one of the electrons should then emit radiations 
consisting of equidistant frequencies, whose spacing was equal to the 
frequency of the period of the orbital motion. ‘This holds in general 
for any dynamical system of particles which form a rotating ring. 
Further it has been shown by Stephenson' that any dynamical 
system, in which the restoring force is a periodic function of the time, 
will give forced oscillations with equidistant frequencies. He has 
put forward such a system as a model for the sodium atom in regard 
to fluorescence. These results have greatly increased the interest 
of the present work of determining more exactly the wave-lengths 
of the fluorescent lines. The earlier work had still left it open to 
question whether the apparent equi-spacing of wave-length is an 
exact law, or is only a first approximation to a more complicated 
relation such as an equi-spacing of frequencies as exists in the above- 
mentioned dynamical system. 

It may be stated here that the present values for the wave-lengths 

1 Philosophical Magazine, 14, 115, 1907. 
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have fully confirmed the first opinion that the regularity in the 
resonance spectra was an equi-spacing of the wave-lengths of the 
series. 

These relations between the wave-lengths in the fluorescence alone 
would be a very incomplete contribution to the data necessary for the 
solution of the problem of constructing a model of the radiating mech- 
anism in the atom which gives the fluorescence. It is also necessary 
to have some information about the elements which are vibrating. 
The Zeeman effect along the lines of force in the magnetic field has 
shown that a great many lines in the emission spectra of the elements 
are due to the vibration of negative electrons and this inference has 
been implicitly extended by many writers to all spectral lines. The 
direction of the magnetic rotation at an absorption band also serves 
to yield similar information for absorption bands. From the theory 
of this phenomenon it has been shown that the magnetic rotation at 
the D lines in sodium vapor is due to negative charges. The same is 
true at the ultra-violet lines which with the D lines form the principal 
series as shown by one of us.'. A more extended investigation of the 
magnetic rotation spectrum has enabled some conclusions to be drawn 
concerning the nature of the vibrating system for nearly all the 
fluorescent lines. 

When plane-polarized white light is passed through sodium vapor 
in a magnetic field along the lines of force, a nicol prism, set to extinc- 
tion in the absence of the magnetic field, will now transmit a brilliant 
orange-yellow light. When this light is analyzed in the spectroscope 
it is seen to consist of a great number of bright lines in the greenish- 
blue and red with a narrow bright region of continuous spectrum 
near the D lines. The latter is simply the normal magnetic rotation 
of all the region of the spectrum near the D lines and has been the 
subject of a previous investigation.” 

The lines in the red and green make up the magnetic rotation 
spectrum. It has been shown that they are narrow regions, possibly 
less than a tenth of an Angstrém unit wide, in which the light has been 
rotated through varying degrees, enabling it to pass through the 


t Wood, Philosophical Magazine, 10, 408, 1905; 14, 145, 1907; 15, 274, 1908. 
2 Wood, “The Ultra-violet Absorption, Fluorescence, and Magnetic Rotation of 
Sodium Vapour,” ibid., 18, 530, 1909. 


| 
= 
2 
= 

| 
| 
| 
| 

: 
| 
; 


342 R, W. WOOD AND FELIX E, HACKETT 


nicol. An account has been given of the attempts which have been 
made to determine the direction and magnitude of the rotation in 
these lines. Success was finally attained by using a Fresnel double 
quartz prism in combination with two nicols. A full account of the 
method has already been given. By this means it was discovered that 
the magnetic rotation spectrum in the red consisted in part of lines 
rotated in the same direction as the D lines and in part of lines 
rotated in the opposite direction. The simplest conclusion would be 
to say that the latter are due to the vibrations of positive electrons. 
This is a point, however, which must be considered as unsettled at the 
present time. In the present work the foregoing method was used 
both in the red and green. The method is quite successful in the 
red, and the wave-lengths of the magnetic rotation lines in this region 
have been measured and their direction of rotation determined. In 
the green the method was not so successful, and another method was 
devised which has given the direction of rotation of the lines in this 
region also. ‘The wave-lengths of the principal rotations have already 
been obtained from photographs with the 14-foot grating. The 
spectroscope used in the present investigations gave a brighter spec- 
trum and a great many additional lines were obtained. These lines 
have enabled the scheme of five series, drawn up in the earlier paper, 
to be greatly extended. The improvement in the measurement of the 
wave-lengths of the resonance spectra has brought out more clearly 
relations existing between the magnetic rotation and the fluorescence, 
so that it has been possible to infer whether the series in the resonance 
spectra are due to negative electrons or not. 


APPARATUS 


We shall now proceed to a detailed account of the investigation 
and a description of the several spectra. 

There has been no essential modification of the apparatus used in 
the previous investigations. ‘The sodium vapor is heated in an 
exhausted steel tube thirty inches long and three inches in diameter 
with its ends closed by plate-glass cemented with sealing wax, the 
ends of the tube being cut slightly oblique, so as to avoid reflection 
from the plates. A steel retort at its center, in which a large amount 
of sodium can be stored, was made from a piece of short steel 
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tubing (which could just slip into the long tube), by fitting a circular 
disc with an oval aperture at its center toeachend. Additional sodium 
could easily be introduced into the retort, without removing it from the 
tube, through the aperture by means of a pointed brass rod. The 
tube was exhausted by means of a Fleuss pump and heated by a large 
burner; the ends were kept cool by tightly wound coils of lead piping 
through which cold water circulated. A short column of strongly 
heated sodium vapor was thus obtained in the retort, from which it 
slowly diffused through the aperture, condensing on the colder walls 
of the tube before it reached the glass windows. 

The exciting beam of light was brought to a focus just within the 
retort, and the fluorescence viewed against a black background 
obtained by smoking the second window. A small silvered glass 
mirror about 1 cm square placed before the first window deviated the 
fluorescent light through an angle of go° from the direction of the 
exciting beam of light and it was concentrated by means of a short- 
focus lens on the slit of the spectrograph.t This consisted of a 
12-foot concave grating, ruled with 14,438 lines to the inch, used 
with a 6-foot collimating lens. With this combination the focal 
curve at the camera was practically a straight line within the region 
under investigation, so that it was possible to use plates. As the most 
important region of the fluorescence in the green lies at about A= 5100, 
the grating was turned so that this region fell near the center of the 
plate. The plate-holder was 8 inches long and the region which 
could be photographed on one plate extended from 4500-6500. The 
camera was fitted with the usual rotating shutter device, for obtaining 
the comparison iron spectrum above and below the fluorescent 
spectrum. 

On account of the greater dispersion, the fluorescent spectra were 
now much fainter than before and long exposures were necessary, 
extending in many cases to 20 hours. It was very important therefore 
to obtain the brightest possible fluorescence. As yet no exact investi- 
gations on this subject have been made, but a few general considera- 
tions may be mentioned. Pressure, temperature, and intensity of the 
exciting light are the three important factors. Fluorescence takes 


: This materially increased the effective intrinsic intensity of the fluorescence as 
it now appeared strictly “‘end-on”’ when viewed in the mirror. 
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place only at low pressures and continues to increase in brightness 
with decreasing pressure. This was still noticeable when the pressure 
was reduced from 4 mm to 2 mm, the lowest pressure which could 
be obtained with the Fleuss pump, and which was the pressure used 
in the present work. 

The fluorescence increases with increasing temperature, but it is 
evident that in this case a certain maximum will be reached. But 
even if this maximum is not reached, it must be noticed that the 
range of temperature which can be used depends on the dimensions 
of the apparatus and the efficiency of the water-jacket at the ends 
of the tube. The sodium vapor streams out from the retort gradually, 
condensing on the walls. It is necessary that the temperature-gradient 
along the tube should be great enough to cause all the vapor to con- 
dense before it reaches the glass window. Otherwise a white deposit 
forms on the windows and fogs them. For this reason a single 
large burner gave as high a temperature as could be safely employed, 
and if slightly displaced from the center a fog was sure to form on the 
nearer window after some time. The cold-water jackets cannot 
prevent this if the source of heat is too near one end, since there is a 
radial heat-gradient as well as a longitudinal one, and the former may 
be very large in a wide tube. The higher the temperature of the 
sodium vapor the longer the tube which must be used, and conse- 
quently the smaller the angular aperture of the glass window viewed 
from the retort. This limits the amount of light which can be 
thrown into the retort so that in this way there is not much advantage 
in raising the temperature after a certain stage is reached. 

The fluorescence takes place through the whole path of the beam 
of light in the vapor, but it is brightest where the light rays converge 
to a focus. As most arcs wander over the electrodes, this bright spot 
of fluorescence is continually moving to and fro, causing a correspond- 
ing motion of the image on the slit. If the image be small, it may 
be for a great part of the time to one side or the other of the slit, so 
that the actual exposure is but a fraction of the apparent exposure. 
The fluorescent spot must then be large enough so that some part of 
the image will always be on the slit. Again the fluorescence takes 
place through the volume of the vapor, so that the best results with a 
given source would be obtained by having the maximum concentra- 
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tion through the volume and not only at a single point. Both con- 
ditions are satisfied if we form a large image of the arc in the retort, 
utilizing the full aperture of the tube. In practice the best working- 
conditions were obtained by trying several adjustments and different 
lenses to condense the light. 

Where metallic arcs were obtained by using a cored carbon filled 
with the salt or metal as anode, it was sometimes necessary to prevent 
the glowing carbon from exciting white-light fluorescence in the 
retort. This was done either by placing an asbestos screen with a 
horizontal slit just in front of the arc, or by focusing the arc on a 
small hole in a screen, and throwing the image of this hole by means 
of a second lens into the retort. In the latter case the wandering of 
the arc could be observed on the screen, and correction made by 
moving it from side to side. In the former case an image of the arc 
was thrown on a screen behind the arc which served the same purpose. 

Cramer’s Instantaneous Isochromatic plates were exclusively used 
in photographing the fluorescence in the green, as they were found to 
be superior to any others which were tried, on account of their high and 
fairly uniform sensibility in this region. As even with the brightest 
fluorescence produced by monochromatic stimulation the plates were 
considerably underexposed, they were slightly fogged by a short 
exposure of ro sec. at a distance of three feet from a very small gas 
flame and then strongly developed. The advantage of treating 
photographs of weak spectra in this way has recently been discussed 
and illustrated.’ 


SILVER EXCITATION 


The results which have been obtained for each excitation will be 
discussed in detail and, at the end of the paper, a chart of all the 
series which have been obtained and a general summary of the rela- 
tions of the different series will be given. We begin with the resonance 
spectrum due to the silver arc in which there is only one exciting line, 
45209. The photograph with the 12-foot grating has recorded only 
six lines, though in the earlier work fifteen were obtained. But the 
new measurements of these six lines show a much more regular 
spacing. This is seen in the second column of the table, in which the 

t Wood, Astrophysical Journal, 2'7, 379, 1908. 
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differences between successive members of the spectrum is given. 
If we regard the fluorescence as a forced resonance due to the exciting 
line, then it is the relation of the different wave-lengths in the spectrum 
to the wave-length of the exciting line which is of interest. The 
almost constant spacing suggests that the wave-lengths can be repre- 
sented approximately by the formula A= A,+mk, where A, is the wave- 
length of the exciting line and k is the common difference and m is a 
natural number, 1, 2, 3, etc., which fixes the place of the line in the 
series. The value of & obtained by taking the difference between the 
exciting line and any other line is given in column III. The result 
of using the average value to calculate the wave-lengths of the series 
is given in column V. ' 


I Il Ill IV V 
m 5209.6+m 38.2 

5133 38.2 76.6=38.3X2 : 5133-2 
Sx7t..2 38 4 38.4=38.4X1 I 5171.4 
5209.6 8.3 | Exciting line 5209.0 
5247 -9 | | 38.3=38.3X1 I 5247.8 
§285.7 37.7 | 76.1=38.05X2 2 5286 

5323-4 113 .8=37.9X3 3 5324.2 


The regularity which exists in the series is brought out almost 
equally well by the figures in any of the three columns, II, III, and V. 
The arrangement in the third column is preferable since it prevents 
a double discrepancy arising from an error in one wave-length and it 
is adopted in the tables for the other series. Instead of calculating 
the wave-lengths, the average value of the common difference, &, will 
simply be given. 

Ten of the fifteen lines in the photograph of the spectrum obtained 
in the earlier work seem to fit into the series given above, the remain- 
ing four belong obviously to quite a different series. As these addi- 
tional lines will be included also on the chart, a full table is given below. 
The series to which the exciting line belongs is marked a and the 
second series b; as there is no exciting line in this series, the shortest 
wave-length is taken as origin. The differences are not so constant 
as in the present determinations, especially in the first five lines, 
which are very faint and could not be measured with great accuracy. 

Their position is shown on the chart (Plate X) on which intensities 
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are roughly represented by the length of the lines. In the case of the 
silver excitation the dotted lines are from measurements made on the 


earlier plate. 
SILVER EXCITATION 


Series b. k=38 


Intensity | Wave-Length | Series a. k=38 
4985.3? a 223.7=6X57.3 | 
5022.3? a 186.7 =5X 37-3 
5133 a 76 =2X38 
5160 b 38=1X 38 
5198 b 76=2X38 
5236 b 114=3 X38 
5323-4 @ 117 .5=3X39.1 


In the scale of intensity adopted throughout this paper 10 denotes 
the intensity of the exciting line and the relative intensities of other 
lines are expressed by numbers from ro to 1. 


LEAD EXCITATION 


In the lead resonance spectrum, which is also excited by a single 
line A 5006.1, there is a second series which is almost as strong as the 
principal series. In other words, a series of doublets is excited as 
has previously been shown to be the case with cadmium A 5086. 
But these two series do not by any means include the whole twenty- 
seven lines which appeared on the plates. Some of these apparently 
can be arranged in a series as shown in the table on p. 348, but witha 
very much smaller spacing than is usual; for this reason this group- 
ing can be regarded as tentative only. As the appearance of a second 
and even a third series, in addition to the principal series which 
includes the exciting line, occurs in most monochromatic stimulations, 
it will be convenient to include all these series under the general term 
of secondary series. Their differences given in the tables will be 
in general reckoned from the wave-length of the shortest member 
of the series. The lines on the original photograph are too narrow 
and faint to reproduce well. Their position is shown on the chart. 
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A cored carbon filled with metallic lead was used for the lead arc. 
By properly adjusting the current and size of the hole in the carbon, 
the arc could be kept playing between metallic lead and carbon 
cathode, and it showed no tendency to strike on to the carbon. The 
current used was about 7 amperes and the hole was 6 mm in diameter 
in a carbon rod whose diameter was 12 mm. The carbon became 
red hot and burned away until it formed only a narrow rim surround- 
ing a bath of molten lead. As it burned away at the same rate as 
the lead evaporated, the arc when the carbon was once filled needed 
very little attention and ran very smoothly. 


LEAD EXCITATION 


Intensity Wave-Length Series a. k=39 Seriesb. k=30 Series c. k=37.5 
| 4929.4 a 77-1=2X38.5 

4904.46 

4907.5 a 39 =1X39 

5003.4 39 =1X39 
5000.5 a 

5042.45 78 =2X39 

8 5045.24 38.7 =1X 38.7 

5049.7 

5081 5b | 117.1=3X39 

5084.24 77-7 =2X38.9 | 

5121 b | 156.6=4X 39.2 | 

5123.7 117 .2=3X39.1 

5158.5 | 194.1=5X38.8 | 

5202.44 195-9=5X39.2 | 

5226.3 

5233.4 37. =1X37 
5240.4 a 233-9=6X%39 

5266.9 

§272.1¢ 75.7=2X37.8 
5278.8 a 272.3 =7X38.9 | 

5300.4 

5309.7 ¢ 113.3 =3X37.8 
5337 -3 

5305.6 

5372.2 


BARIUM EXCITATION 


The barium line A 4934 excites a beautiful series of equally spaced 
lines shown on Plate XI, Fig. 8, and in Fig. 13 with a portion of the 
magnetic rotation spectrum (14) in coincidence with it. The lines 
resemble the divisions on a centimeter scale, so regular is their spacing. 
The line A 4934 is the bright line at the left of the plate. In addition 
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Intensity 


BARIUM EXCITATION 


Wave-Length 


Series a. 


k= 38.8 


349 


Series b. k=38.4 


4554- 
4562. 
4574: 
4580. 
4599. 
4606. 
4073. 
4691. 
4720. 
4756. 
4761. 
4860. 
4863 
4896. 
4900 
4934 - 
4935: 
4937 - 
4972. 
5007. 
5009. 
5046. 
5050. 
5085. 
5088. 
5089. 
5091. 
5123. 
5128. 
5161. 
5164. 
5167. 
5192. 
5193. 
5198. 
5200. 
5202. 
5207. 
5238. 
5241. 
5245.94@ 
5207 .4¢ 
5274. 
5277 
5286. 
5291. 
5204 
5300 
5393 - 
5318. 
5321. 
5331.8 
5336.6 
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273 
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387 .1=10X38. 


.4= 


2X 36.7 


1X 37-4 


1X 38.6 


2X 38.8 


3X 38.7 


4X 38.7 


5X 38.8 


6X 38.9 


7X39 


8X 38.9 


9X 39.1 


38.2=1X 38. 


76.6=2X38. 


114.9=3 X38. 


154.2=4X 38. 


195.1=5X39.- 
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BARIUM EXCITATION—Continued 


Intensity Wave-Length Series a. k=38.8 Series b. k=38.4 
5339-5 
5425.3 


to these lines there are many others in the violet. ‘There does not 
appear to be any series connected with them, but they have not the 
blurred appearance due to scattered light, and they have the same 
sharpness and intensity as the brightest fluorescent lines. It is there- 
fore suspected that they form part of the complete resonance spectrum, 
and they have been included in the following table of the barium 
resonance spectrum, in which they are marked with an asterisk. The 
series which occur may be described as a more complicated version 
of the lead series. ‘The lines which are apparently the first two mem- 
bers of the primary or a series have a spacing of only 37 A. U. They 
have not been included in taking the general average for k. It is 
possible that the presence of the barium line A 4900 may have had 
some influence on the spacing. The lines in the middle of the 
spectrum which have not been arranged in series are faint lines which 
occur as companions to the brighter lines, and a great number of 
lines at the end of the spectrum. ‘The number of these faint unclassi- 
fied lines is much greater than in the lead excitation. They seem to 
be fragments of a series which just appears for two or three members 
on either side of a principal series or even a strong secondary series 
and then disappears. Attention is directed to the two lines marked 
c in the table which form one such fragment. They are of interest in 
connection with the lithium excitation. 


LITHIUM EXCITATION 


The lithium arc stimulation is an important one, since we have 
four exciting lines: one in the violet A 4603, a second in the green 
A 4972, and two in the red A 6104 and 6708. These lines are, however, 
so far apart that their resonance spectra do not overlap and can be 
studied separately. A photograph of the complete spectrum is 
shown on Plate XI, Fig. 5. The spectrum excited by the green line, 
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A 4972, is an interesting one since its principal series almost coincides 
with the principal series of the barium line A 4934. Comparing the 
wave-lengths in the two tables it will be seen that some are almost 
identical, and the average difference between corresponding members 
of a series is only o.5 A. U. But in the case of lithium, the principal 


LITHIUM EXCITATION 


Intensity | Wave-Length | Series 4. k= 38.7 Series b. k=38.4 Series c. k=37.5 
4862.14 | 110.0=3X 36.6 | | 
4896.5a@ | 75.6=2X37.8 
4934-5@ | 37.6=1X37.6 | | 
4972.14 
| 4978.4 | 
5s01io.ga@ | 38.8=1X38.8 | 
5011.3 
5049.9 a | 77-8=2X38.9 | 
5080.7 
5085.0 | 
5089.0a@ | 116.9=3X39_ | 
5114.5¢ | 77 -3=2X38.6 
5118.7 
5118.5 
5124.0b 
5128.04 | 155-g=4X39.0 | 
5129.5 | 
tes 5152.8¢ 39.0=1X39.0 
5153-4 | 
5162.1 
5162.46 | | 38.4=1X38.4 | 
5167.8 
5206.9 4 
§229.5¢ | 37-7 =1X37-7 
5206.7 ¢ 74-9=2X37-4 
5304.3 ¢ 112.5=3X37-5 


series soon disappears and its place is taken by the secondary series 
c, whose lines become stronger as we go up to the end of the spectrum. 
An inspection of the barium table reveals the existence of the two lines 
already mentioned which correspond to this lithium series. Likewise 
we find that the lithium spectrum has two lines which belong to the 
barium b series. It seems, therefore, to be fairly reasonable to con- 
clude that we have the same vibrating system in the two cases, but 
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that the change in the frequency of the impressed oscillation has 
altered the distribution of intensity in the forced oscillations. 

The disappearance of the principal series and the appearance of 
the secondary series can be best seen by referring to the chart (Plate 
X) on which the series are denoted by letters a, 6, c, etc. The 
spacings on the chart should be studied with a pair of dividers. 

It is worthy of note that the line A 4934 in the resonance series 
one space below the exciting line (i. e., coinciding with the barium 
line) is stronger than the exciting line A 4972. This is the only case 
in which this has been observed. It is moreover not the case in an 
earlier photograph taken with a small two-prism spectroscope, which 
is the one reproduced on Plate XI, Fig. 5. 

. The resonance spectrum excited by the A 4603 line of lithium has 
not yet been obtained in a satisfactory condition for measurement. 
On the plate made with the 12-foot grating the series in the vicinity 
of the A 4603 line (see Fig. 5) did not come on the plate at all, and the 
lines in the yellow-green (indicated by a —~ in Fig. 5) and which 
owe their existence to the A 4603 stimulation were too faint and hazy 
to permit satisfactory measurement. This work will have to be 
repeated. 

MAGNESIUM EXCITATION 

In the fluorescence excited by the magnesium arc we have the 
three lines of the green triplet acting together. These lines are so 
close together that it is not possible to obtain the excitation due to 
each separately. But it is quite easy to group the brightest lines in 
the spectrum in three principal series, a, b, c, one for each exciting 
line, as will be seen in the following table. Each line of the mag- 
nesium triplet excites a series of equally spaced lines, and these series 
taken together give a spectrum in which we find the triplet occurring 
at regular intervals—Plate XI, Fig. 10 (from an earlier photograph), 
and Fig. 11 (12-foot grating), on which only the strongest lines 
reproduce owing to the very narrow slit. 

There does not seem to be any well-marked secondary series, 
though there seems to be what has been already called fragments 
of series associated with the series c. These have been indicated by 
the letters d, e, /, but it has not been considered worth while to tabulate 
their differences. 
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MAGNESIUM EXCITATION 


Wave-Length | Series a. k=38.09 


Intensity | Series b. k=38.1 

4865.8) | 307-1 =8X38.4 
| 4878.2¢ 

| 4903.5 6 | 269.4=7 X 38.5 
| 4910.9 ¢ } 

4931 4 

| 4947. f 

| 4966.4 

| 4979.7 b 193.2=5X38.6 
| 4984.5 

| 5019.5 missing | 

| 5022.7 f 

5030.2¢ 

2 5034-1 

5050 a .5™3X39 

2 8 

5059.61 113.3 =3 X37-8 
er! 5088.9 a 78.6=2X 39.2 

5004.9 g 

5097 .3 75.6=2X37.8 
5101.5 d 

5106.6¢ 

I .| 5110.8 

5124.5 

5128.3 a 39.2=1X39.2 

6 5135 37 -Y=1X 37-9 
2 5139.8 

2 5142.4 

5145.1 ¢ 
10 | 5167.54 | 
| 5172.9) | 

5183.8¢ 

5210.9 b | 38 =1X38 
5220.4 € 

| §5222.9¢ | 

| §245 77.5=2X38.7 | 

5249 2b | 76.3=2X38.1 

| 5298.2€e 

| 5300.8¢ 


The resonance spectrum excited by the copper arc is shown on 
Plate XI, Fig. 9, in coincidence with the barium excitation and in Fig. 
16 in coincidence with the magnetic rotation spectrum. 


COPPER EXCITATION 


Series c. k= 38.5 


X 37- 
305 .6=8X 38. 
266 g=7 X38. 
229.9=6X 38. 
g=5X38. 
153.6=4X38. 
77.2=2X38. 
38.7 =1 X38. 
39-1 =1X39 
78.5 =2X39 
117 =3X39 


9 


2 


2 


| 
3 
| | 
6 
| 
| 
| 


354 R. W. WOOD AND FELIX E. HACKETT 


| Intensity 


| Wave-Length | Series a. k=38 | Seriesb. k=38.4 | Seriesc. k=38.7 | 


Series d; 
Series dz 


| 
| | 


w 


+ 


346.5 =9X 38.5 


c 
a |228.6=6X38.1 | 
269.1=7 X38.2 | 


c | | 307 .6=8X38.4 | 
@ 190.6=5X38.1 | 

b | 231.6=6X 38.6 


| 4948.4 | 
4952.9 @ |152.8=4X38.2 
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nN 
CON COHOR OW HO HR 
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190.4=5 X38. 
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5-4 
4963.0b 
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4979 .¢ 
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232.9=6X 38.7 | 
|114.6=3X38.2 
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| 
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155-3=4X 38.8 | | 


wn 
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fe) 
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| 192.5=5X38.7 | 
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114.9=3X38.3 | 


as 
nN 
ll 
x 
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wn 
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157 -1=4X39-3 
| 38.3=1X38.3 | 
77 -4=2X38.7 | 
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ANN HHH OND H RR HHH HHP RH 


| | 
I) 5101.2¢ | 117 -.3=3 X39. 


COPPER EXCITATION 
a | | | 
| 
| 
| | | | 
| 
=7 X 36.0 
| 
| 
| 
| 
| | 
| | | | 
| | | 
| 
2| 5086.9 d, | 37-4=1X37-4 
| 
| $233.2 
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COPPER EXCITATION—Continued 


Wave-Lenzgth| Seriesa. k=38 Series b. k=38.4 | Seriesc. k=38.7 


| Intensity 


5139.9 ¢ 78.6=2X 39.3 | 
5144.1@ | 38.4=1X38.4 


he HOLL NH 
wi 
we 
a 


5163.0 dy 38.7 =1X 38.7 
5168.5 d, 38.0=1X38.0 
39.2=1X39.2 | 

§181.8.a | 76.1=2X38 


.1=2X38.5 
.3=2X38.1 


nN 
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5247.5 117 =3X39.0 
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5269.4 b 116=3 X38.7 

73 

78.5 dy 1154.2=4X 38.5 
81. 

84.3 154.0=4X38.4 
93 

02 

07-36 153-9=4X 38.5 


2.2d, 191.7 =5X38.3 
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.2b 190.8=5 X38. 
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60.4 dz 229.9=6X 38.3 


|227.4=6X 37.9 
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5124.3 d; 
| 
37 -5=1X37-5 
| 5209 . 5 
5218.5 | 
5230.9 b 77-5 =2X 38-7 | 
52 3.8 
53! 
5326 
| 534 | 
, 535 | 
| 535 d, 222.1=6X 28. : 
X 38.0 
X 38.2 : 
| | 
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| | | 
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It has not been possible to photograph separately the fluorescence 
produced by each of the three green lines in the copper arc, as even 
the fluorescence excited by the three lines together was very faint and 
required a twenty-hour exposure. But, as in the case of magnesium, 
there was no difficulty picking out the three principal series, a, 0, c, 
one for each exciting line. The arrangement is not very satisfactory, 
since the spacing is not very constant, and a great many of the strong 
lines in the spectrum are left outstanding. In addition, a series of 
doublets d, d, has been found which may be the series previously 
observed to be excited by the shortest copper line, A 5105.7. One 
or other member of the doublet is lacking in places, so the tables of 
differences have been calculated from the first complete doublet. — 
This series of doublets is only a secondary series since it does not con- 
tain the exciting line as a member. It will be remarked that the 
wave-length of the exciting line is a mean between the wave-lengths 
of two members of the series d, which may possibly have some sig- 
nificance. 

ZINC AND BISMUTH EXCITATIONS 

The bismuth arc excites a very brilliant fluorescence, which is 
entirely due to the blue line 4 4722.7. The resonance spectrum 
photographed with the 12-foot grating is reproduced on Plate XI, 
Fig. 6. The fainter lines do not appear in the reproduction and a 
better idea of the complete spectrum can be had from the chart. 
Many lines also, which appear single on the print, are in reality close 
doublets. 

In addition to the strong series lines on either side of the exciting 
line there is a multitude of lines in the yellow-green region. This 
portion of the spectrum is shown at the bottom of the chart on a scale 
which is four times larger than that of the upper portion. It resem- 
bles closely the resonance spectrum excited by the zinc line A 4810. 
The spectrum stimulated by the three blue zinc lines is shown on 
Plate XI, Fig. 7, and also on the chart. The yellow-green region is 
of great interest. The two photographs (Figs. 6 and 7) should be 
compared with the photograph of the fluorescence excited by white 
light, Fig. 1. The iron lines make it easy to locate the region in 
which the zinc and bismuth resonance spectra fall. The almost con- 
tinuous banded spectrum excited by white light, under the micro- 


| 
| 


RESONANCE AND ROTATION SPECTRA OF SODIUM 357 


scope is seen to be made up of a multitude of fine lines, ten or more 
in each one of the flutings. Monochromatic excitation causes the 
appearance of only a very small percentage of these lines, but they 
are arranged in a very definite order, as the photographs show. In 
the bismuth excitation we find a triplet occurring four times at 
regular intervals, groups of four or five lines being found midway 
between the triplets. On the chart will be found a drawing of a 
small portion of the white-light fluorescence spectrum, between the 
resonance spectra excited by bismuth and zinc. This gives a very 
good idea of the way in which it is going to be possible to analyze 
this complicated band spectrum, by a further and more complete 
study of the resonance spectra. 
The wave-lengths of the lines in the bismuth resonance spectrum 
are given in the following table: 
BISMUTH EXCITATION 


| 


Intensity Wave-Length Intensity Wave-Length | Intensity Wave-Length 

4655.7 _ | s3s9.7 |] 8.......... 5441.4 
| 4690.0 || 6.......... 5447.4 
4790.6 | $408.3 || 6.......... 5473-1 
| §337-7 | | 5428.9 5504.8 
$356.6 || 1.......... | 5430.7 | 

I | 5438.3 5552-6 


A table of the wave-lengths of the lines excited by zinc will be 
found in a previous paper.’ 
1 Physikalische Zeitschrift, 9, 450-461, 1908. 
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The plate reproduced (Fig. 7) will have to be remeasured before 
a revised table can be published, as some errors have been detected 
in revising the work. 

The close doublets, spaced off at equal intervals and marked x on 
the chart, which appear in the region A 5100-5300 of the resonance 
spectrum excited by the zinc arc, are worthy of notice. 

As will be seen from the chart the series lines in the blue are close 
doublets. This may be due to the fact that we are exciting the vapor 
with a double line (that is, a self-reversed line). The photographs 
of the absorption spectrum, made by Mr. Clinkscales with the 21-foot 
grating in the second order, show that the absorption lines are often 
not more than one-tenth of an Angstrém unit apart, consequently a 
self-reversed line might easily excite two different frequencies. This 
point requires further investigation. 


MAGNETIC ROTATION SPECTRUM 


BLUE-GREEN 


This is shown in coincidence with the white-light fluorescence 
spectrum on Plate XI, Fig. 2, and in coincidence with the resonance 
spectrum excited by the zinc arc in Fig. 17. On the new plates 128 
lines are shown as compared with 64 lines measured in the previous 
work. The general result of the new measurements is to emphasize 
and extend many of the relations which were observed in the first 
work on the subject. Looking down the list, groups of strong lines 
will be observed to recur at regular intervals toward the end of the 
spectrum. Some of these lines were found to be almost coincident 
with some of the series in the resonance spectra. By comparing 
these with the magnetic rotation lines, Wood found it possible to 
arrange many of them into five series, which are numbered from 
1 to 5 in the table given on p. 360. 

The lines in the blue below A 4900 become more numerous and 
irregular in their arrangement; but the series have not been extended 
into this region as might be done, since we have no corresponding 
fluorescent series which extend so far. This will be seen by consult- 
ing the chart (Plate X) accompanying this paper. As long as we 
have such a series to guide us in selection we may be sure that the 
grouping has a physical significance; but when this fails, any further 
extension of the series can be regarded only as a formal classification. 
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The most interesting problem in connection with the magnetic 
rotation is the determination of the direction of rotation of the light in 
these lines. An attempt was made to study the direction of rotation 
by means of the Fresnel quartz wedges which gave such beautiful 
results in the magnetic rotation spectrum in the red, but there was 
little or no trace of the bright needles of light shooting up or down 
into the dark interference band (see Plate XI, Fig. 12, fora photograph 
of this phenomenon in the red). Their failure to appear in the green 
is due to the smaller angular rotation of the plane of polarization. 
The problem was finally solved in a different manner for the green 
spectrum. These wave-lengths in the plane-polarized light passing 
through sodium vapor along the lines of force in a magnetic field are 
rotated through a few degrees so that they can pass through a nicol 
set to extinction for the rest of this region of the spectrum. A small 
rotation of the nicol in either direction will now brighten up the whole 
field. In one direction some of the bright lines will still be seen, 
though less distinctly against the bright background of the rest of the 
spectrum. Careful observation, however, will show that if the nicol 
is rotated about four degrees in the opposite direction, these lines 
disappear. These lines have therefore been rotated about four 
degrees in this direction by passing through the sodium vapor in the 
magnetic field. It was observed that the rotation in the brightest 
lines belonging to the magnetic series was in the same direction as 
that due to the D lines. The rotation of these lines is therefore 
presumably due to negative electrons and they have been marked 
with the negative sign in the third column of the table. 

To extend this process to the whole spectrum it was only necessary 
to take two photographs of the spectrum on the same plate, one in 
which the nicol was rotated four degrees to the left, and the other in 
which it was rotated four degrees to the right. These two photo- 
graphs were totally different, as the bright lines of one were absent in 
the other. By careful comparison of this plate with the magnetic 
rotation spectrum, the direction of rotation of all the strong lines 
could be ascertained at leisure. 

All those lines which appeared on the same photograph as the 
magnetic rotation series and were not visible on the other were 
therefore rotated in the same direction and have been marked in the 
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Sign | Green Magnetic | Sign | Green Magnetic 
Intensity} Series | | Rotation Intensity | Series | of Rotation 
| Rotation Spectrum Rotation | Spectrum 
4628 Sooo + 4878.2 
4630.6 4889 .4 
4636.7 || 6...... 2p 4894.7 
4641.9 _ + | 4897.9 
4648 .9 | + | 4899.8 
4653.8 + | 4900.8 
| 4658.6 3 4903.3 
4670-4 {it0...... I | | 4924.4 
4074 + | 4927.3 
“Sar 4682.6 || 2...... 4937-9 
- 4693.7 | | 4941.6 
| 4694.6 §? | | 4958.5 
4706.5 + | 4964 
| 4715.4 4966.8 
| 4716.9 | 2 4971.7 
IO....+- 4727-5 3 4979 
| 4731.4 4 4985.2 
4749-3 || 4....-. 5000.3 
4756.6 | 5008 . 2 
4762.7 | 5009.4 
4766.7 | 5012.7 
4777-1 4 | | 5025-1 
4782.8 || 9...... | I — | 5040.2 
4787.5 | | §048.3 
4789-5 || | 5049.4 
BO. 4802.2 | 3 | 5058.4 
4809 .9 5 | 5071.8 
- 4812.2 _ I | = | §079.9 
4819 | 3 | 5094.8 
4837 | | §097.5 
4839 | | 5102.3 
4846.8 I] 5115.8 
Bedestss 4848.4 || 8...... | I = | 5119.1 
4850 | 2 — | 5126.3 
4852.7 | 3 | §133.3 
4858.3 ree 4 5140.8 
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| Sign Green Magnetic | Sign Green Magnetic 
Intensity | Series of Rotation | Intensity Series of | Rotation 
Rotation Spectrum | | Rotation Spectrum 
5148.8 5228.3 
| 5159-1 1? 5232.2 
| 2 5165.8 5238.9 
5186.5 1? 5270.3 
5192.3 2? 5276.6 
5212.1 3? 5282.6 
4 5218.3 4? 5288.6 


table in the same way. ‘There were some lines which appeared only 
on the photograph in which the series were absent, and so were rotated 
in the opposite direction. These have been provisionally assumed 
to be due to positive electrons and are marked with the positive sign 
in the table. 

These lines are nearly all below A 4900, and though a formal group- 
ing is possible, it has not been considered worth while to make any 
assignment of them into series until it has been ascertained if there 
are any fluorescent lines corresponding to them. 

The magnetic rotation lines are shown on the chart. 


WHITE-LIGHT FLUORESCENCE 


There is a very interesting connection between the white-light 
fluorescence and the magnetic rotation. In the photograph obtained 
with the grating, the fluorescence in the green extends from A 4700- 
A 5500, its brightest region being from A 5000-A 5500. Below this 
the spectrum is weak and contains a great number of fine lines among 
which there is a very irregular distribution of intensity. Beyond 
A 5000 we have a well-defined system of bands. On examining 
them with an eyepiece these bands are found to consist of a great 
number of fine lines (see Fig. 4 at point indicated by arrow). On 
the violet edge of each band there is a narrow region about two Ang- 
strém units wide, in which there is no fluorescence at all, or it is a 
minimum. If the photograph of the magnetic rotation spectra be 
superposed, the lines will be found to coincide with these dark spaces. 
It will be seen from the table given below that the magnetic rotation 


= 

be 

| 

44 

| 

2 


R. W. WOOD AND FELIX E. HACKETT 


362 


lines are usually about 1 A. U. shorter so that they are always on the 
violet side of the bright lines in the fluorescence. The measurements 
of the wave-lengths of the heads of the bands can be considered 
only approximate, but they serve for the purposes of comparison. A 
complete table of these is given first and then a table of those lines in 

the two spectra which correspond. 
On account of this correspondence between the two spectra it is 
possible to arrange the fluorescent bands in series which are in step 
WHITE-LIGHT FLUORESCENCE 


Wave-Length | Wave-Length Wave-Length — Wave-Length) Wave-Length) Wave-Length 


5026.1 5126.5 5203-4 | 5277-1 5323 5392.1 5453-3 
5034-1 | 5133-2 5210.t | 5283.2 5338-7 5397-4 5458.2 
5041 | §141.2 5216.6 | 5289.7 5345 | See9.2 5476 
5049 | 5148.3 5232.5 | 52096 5351.2 | 5422.2 5481 
5050.2 5159-7 5238.3 5302.9 5304.2 | 5427.2 5485 
5072.t | 5166 5245-0 | 5308.6 5399-4 | 5431-3 5490.5 
5081 | 5173-1 5249.1 | 5314.8 5375-4 5430.8 5496 
5088 .4 5180.1 5254.6 | 5320.8 5381 5443.2 5500.4 
5095.4 | 5186.9 5264.1 | 5326.8 5386.4 | 5448.2 5505.3 
5119.6 | 5193.8 5270.6 | 


WHITE-LIGHT FLUORESCENCE AND MAGNETIC ROTATION SERIES 


Series | Magnetic Rotation Series Magnetic Rotation 
5034-1 5033-3 5180.1 5179.6 
5041 5040.2 5186.9 5186.5 
5050.2 5048 .3 “ee 5193.8 5192.3 
5072.1 5071.8 5232.5 5232.2 
5081 5°79 .9 5238.3 5238.9 
5088 .4 5087.4 | 5245.6 5243 
5095.4 5094.8 5249.1 
5119.6 5119.1 | 5264.1 5263.8 
5126.5 5126.3 5270.6 5270.3 
Sere 5133-2 5133-3 2? 5277.1 5276.6 
Becckbes 5141.1 5140.8 3?. 5283.2 5282.6 
5148.3 5148 5289.7 5288.6 
5159-7 | 5159.1 5296.0 
5166 | 5165. 


with the magnetic rotation series and also with the resonance series. 
This is illustrated by the chart. 


disorganized after the termination of the magnetic rotation and can- 
Beyond this new bands appear and though 


not be carried farther. 


The series apparently becomes 
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there seems to be some regular arrangement it is different in kind. 
It must be studied in conjunction with the resonance spectra in the 
same region excited by the zinc and bismuth arcs. As a result of the 
regular grouping between A 4900 and A 5300 the white-light fluores- 
cence can be almost entirely represented by a system of five bands 
which recur at regular intervals along the spectrum. According to 
the scheme developed at the close of the paper each of these bands 
is due to one vibrating system and the whole five bands are inter- 
connected. The great regularity found in the resonance spectra in 
this region falls in with this scheme. 


THE RESONANCE AND MAGNETIC ROTATION SPECTRA IN THE ORANGE 
AND RED REGION 


The red region of the fluorescence spectrum excited by white light 
appears nearly continuous. Occasionally faint traces of bands can 
be seen if the vapor density is just right and the illumination is very 
intense. 

The magnetic rotation bright-line spectrum is, however, much 
brighter than in the blue-green region and quite as discontinuous. 
A portion of it (about 4) is shown on Plate XI, Fig. 15. On this plate 
the iron comparison spectrum below is quite faint. Immediately 
above (Fig. 12) will be seen one of the plates from which the direction 
of rotation of each line was determined by the method described in 
an earlier paper. The dark band running horizontally through the 
center of the spectrum is caused by the failure of the nicol prism to 
transmit the horizontally polarized light in the region. Immediately 
above and below this line, the light in the spectrum is polarized 
vertically and is consequently passed by the nicol. This “distribu- 
tion of polarization” is accomplished by the double Fresnel wedge 
of dextro- and laevo-rotatory quartz. The absorption lines of the 
sodium vapor are beautifully shown. When the vapor is magnetized 
the wave-lengths which are rotated by the vapor are shown by needles 
of light which shoot up or down into the horizontal dark line accord- 
ing to the direction of the rotation. 

The wave-lengths of the lines in the red magnetic rotation spectrum 
are given in the following table. There are over 340 in all, or two 
and a half times as many as in the green-blue spectrum. 
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364 
Intensity Wave-Length Intensity 

| 5945 -2 
| 6007 .6 
6062.8 
6107.6 


Wave-Length 


6150. 
6159. 
6163. 
6164. 
6165. 
6167. 
6170. 
6171. 
6172. 
6179. 
6181. 
6183. 
6184. 
6191. 
6196. 
6197. 
6108. 
6199. 
6204. 
6206. 
6210. 
6214. 
6215. 
6218. 


6221 


6222. 


6225 


6227. 
6229. 
6230. 


6236 


6239. 
6251. 
6253. 
6255. 


6256 
6257 
6259 
6259 
6262 
6266 


6270. 
6273. 


627 


6276. 
6279. 
6285. 
6288. 
6290. 
6301. 
6308. 
6309. 
6312. 
6313. 
6314. 
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RED MAGNETIC ROTATION SPECTRUM 


Intensity 


Wave-Length 


1 


| 
631 
631 
632 
632 
| 632 
| 
632 
633 
633 
633 
635 
635 
635 
635 
| 636 
636 
636 
637 
: | 637 
638 
638 
638 
64 
64¢ 
64¢ 
641 
642 
622 
|_| 642 
642 
642 
643 
643 
643 
644 
644 
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Intensity 


Wave-Length 


6596. 
6600. 
| 6613. 
| 6616. 
| 6617. 
6618. 
| 6621. 
| 6624. 
6626. 
| 6632 
| 6635 
| 6636 
| 6641 
_ 6646 
| 6657 
6663 
6664 
6668 
6674 
| 6675 
6677 
6678 
6684 
| 6685 
| 6690 
| 6698 
| 6704 
711 
| 6714 
6727 
6737 
6739 
6741 
6746 
6750 
6754 
6757 
6761 
6780 
6793 
6796 
6803 
6806 


| Intensity 


Wave-Length 


RED MAGNETIC ROTATION SPECTRUM—Continued as 
| | Intensity | Wave-Lengh 
|] 6823 2 
6484 6882 = 
6885 
6889 
6946 
| 6538 6959 
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RED MAGNETIC ROTATION SPECTRUM—Continued 
Intensity Wave-Length Intensity Wave-Length Intensity Wave-Length 


Following this table is a classification of the lines according to the 


direction of rotation. 


numerals. 


NEGATIVE MAGNETIC ROTATION LINES 


Rotation) Wave-Length Rotation’ Wave-Length my Rotation! Wave-Length 
Silty Sity 


| 


PEAR HANNA OHA HA WANNA 


5997-5 || 8 2 | 6262.8 || 2 | 6 | 
6019.0 || 4 | 2 6270.8 4 6 | 
6027-3. || 8 | 6 6273.2 4 7 | 
6030.7. || 2 6 | 6276.0 || 4 7 

| 6037.2 || 4 | 4 | 6270.0 || 4 8 | 

| 6045.7 | 8 | 2 6288.1 4 | 8 
6063.4 | 7 | 4 6301.7 | 8 | ro | 
6071.4 | 8 | 10 | 6313.6 8 8 | 
6075-9 6 | 8 6314.4 8 Io | 

| 6084.8 | «i; 8 | 6318.4 6 8 | 

6085.5 || 2 4 | 6335-5 || 4 4 | 

| 6092.5 2 | 4 6341.9 || 10 Io | 

| 6107.6 || 2 | 4 6344.3. || 8 | 

| 6126.0 || 6 | 4 6366.8 | 2 4 | 

| 6141.1 | 4 4 6368.8 8 IO 

| 6147.5 || 2 | 4 6371-7 4 4 | 

| 6150.0 6373-5 4 8 | 
6167.5 || 6 4 6378.2 | 6 Io | 
6170.1 | 4 I 6388.5 || 2 6 | 

| 6172.9 8 | 10 6400.2 || 2 6 

| 6179.3 || 4 | Io 6406.5 || 4 6 

| 6181.4 || 6 10 | 6407.0 || 6 

| 6184.2 || 10 10 6420.1 || 2 2 

| 6204.6 1 4 8 6429 .3 1 6 8 

| 6210.4 || 10 10 6434.9 | 6 8 

| 6218.5 | 2 4 6437-8 || 4 8 

| 6230.9 || 8 4 6445-9 | 4 8 
6236.4 || 4 8 6450.5 4 8 

| 6239.9 || 4 10 6451.3 || 4 2 | 

| 6253.2 || 4 6 | 6462.8 || 8 2 | 

6256.1 || | 


(X 6000-A 7000) 


6468 . 
6477. 
6478. 
6479. 
6480 
6481. 
6481. 
6482. 
6502. 
6503. 
6510. 
6548. 
6561. 
6573- 
6610. 
6626. 
6663. 
6678. 
6685 . 
6698 . 
6734. 
6746. 
6750. 
6803. 
6806. 
6889 
6890. 
6949. 
7018. 
7021. 


The amounts of rotation, i. e., the distances 
to which the needle of light penetrates, is roughly indicated by 
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POSITIVE MAGNETIC ROTATION LINES (A 6000-A 7200) 


Intensity Rotation Wave-Length !| Intensity | Rotation Wave-Length 
| 
8 4 6109.1 4 4 6532.4 
8 4 6126.0 8 fe) 6551.1 
7 8 6139.2 8 Io 6557-4 
6 8 6199.1 8 6 6580.3 
8 8 6215.6 4 | 10 6613.4 
6 6 6259.6 8 ie) 6624.2 
4 6 6315.4 4 | 4 6664.4 
8 Io 6323.8 6 10 6677-3 
8 10 6324.2 8 | 10 6692 .9 
8 10 6325.5 4 4 6737-9 
4 4 6351.2 6 10 6761.9 
4 4 6358.6 6 | 4 6763.0 
8 6 6379.3 6 | 4 6806 .7 
8 10 6385.9 4 4 6810.1 
8 | 10 6386.6 4 4 6810.8 
4 | 6 6388.5 4 8 | 6840.0 
6 | 6 6407.0 | 8 4 6875.8 
4 | 6 6422.9 8 | 6 6885.8 
10 10 6427.2 4 6 6887.0 
4 6442.5 4 | 6946.7 
10 10 6449.8 4 10 6959 .6 
2 | 4 6470.9 8 4 7008 .5 
4 8 6486.7 8 | 6 7021.6 
8 10 6490.1 | 8 4 | 7034.7 
8 10 6490.9 4 6 7047.8 
6 8 6502.4 4 6 7III.9 
6 6 6515.0 2 6 | 7115.3 
6 6 | 6515.8 | 


LITHIUM EXCITATION IN THE RED 


The red resonance spectrum excited by the lithium lines A 6104 
and 6708 has been photographed only with a small two-prism spectro- 
graph (Fig. 5). The wave-lengths can be considered accurate only 
to within 2 or 3 A. U. The series-difference k is nearly twice as 
large as in the green-blue region; k= 54 and k=63 for the two series. 

By comparing the magnetic rotation spectrum with the lithium 
resonance spectrum, two series have been found in the table of 
positively rotated lines with spacings of 63 and 67. These series 
include all of the strong lines. The negative lines do not yield them- 
selves so readily to arrangement in series and nothing has yet been 
done with them. 

The wave-lengths of the red resonance lines, and the table of the 
series in the positive magnetic rotation spectrum follow. 
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LITHIUM EXCITATION (A 5800-7100) 


Series a. k=54 
Wave-Length 
Series b. k=63 

5896 a 206 =4X52 
5942 4 160= 3X53 
5998 a 104=2X52 
6047 a 55=1X55 
6102 

6158 a 56=1X56 
6218 a 116=2X58 
6277 b 431=7 X62 
6338 b 370=6X62 
6396 b | 312=5 X62 
6461 b 247 =4X62 
6519 b 189 = 3 X63 
6580 b 128=2X64 
6643 b 65 =1 X65 
6708 

6772 b 64=1X64 
6834 b 126=2X63 
6898 b 190=3 X63 
6965 b 257=4X64 
7015 b 307 =5 X62 
7074 b 366 =6 X61 


SERIES IN THE POSITIVE MAGNETIC ROTATION (A 6000-4 7200) 


Intensity Rotation Wave-Length Series Differences 
7 8 6139.2 310.6=5 X62.1 
6 8 6199.1 250.7=4X62.7 
6 6 6259.6 190.2=3X63.4 
if 8 10 6323.8 126.6=2X63.3 
8 10 6324.5 125.6=2X62.8 
8 fe) 6325.5 124.3=2X62.1 
fe) fe) 6449.8 
6 6 6515.0 65.2=1X65.2 
6 6 6515.8 66.o=1 X66.0 
8 6 6580.3 131.5=2X65.0 
10 Io 6427.2 
8 fe) 6490.1 62.9=1 X62.9 
8 10 6490.9 63.7=1X63.7 
8 6557-1 129 .9=2X65.0 
8 10 6557-4 130.2=2X65.1 
8 fe) 6624.2 197.0=3X65.7 
8 be) 6692.9 265.7=4X66.4 
6 6761.9 334-7=5 X67.7 
SUMMARY 


We are now in a position to summarize the results of the analyses 
of all these different spectra and see what general conclusions can be 
drawn regarding the nature of the vibrating system which gives the 
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fluorescence in the region examined. The following table (p. 371) is 
both a compendium of all the properties of the different series which 
have been discussed and a numerical guide to the chart of resonance 
spectra. Nearly all the series have a line between A 5140—A 5190 which 
has been taken as a typical line of the series, and determined the order 
in which they have been arranged. For convenience the magnetic 
rotation series have been denoted by M and the white-light fluorescence 
series by F. The stimulations due to zinc, bismuth, thallium, and 
the shorter cadmium line have not been discussed. Except in the 
case of thallium the resonance spectra produced usually consists of 
a fairly regular group in the violet and a complicated spectrum in 
the yellow-green which in no case has been satisfactorily arranged 
in series with some lines in the intervening region. The green thal- 
lium line A 5350 gives a series from A 5200 to A 5400 in which the lines 
are about 37 A. U. apart. But as all these resonance spectra seem 
to be radically different from the other resonance spectra already 
described they are omitted from the present discussion. 

It might appear that in the case of the more complicated spectra 
there was a certain arbitrariness in picking out the lines which belong 
together. There is no question about the series-grouping in silver, 
lead, or lithium excitations. These series can be used to check the 
arrangement of the magnetic rotation lines. The latter, in turn, aid 
us in picking out new series in more complex spectra, such as in the 
magnesium and copper excitations. It rarely happened that there 
was a choice between two lines. If there was, the one which gave the 
best value for the common difference was adopted. By this mode of 
classification each series acts as a check on the others and they 
probably in all cases do represent lines which are physically related. 
Upward of 200 lines have been obtained in the resonance spectra 
described above and of these almost two-thirds have been classified 
into series. 

It was somewhat of a disappointment to find that even with the 
new measurements the common difference & is not an absolute con- 
stant. The divergencies from a constant value are not systematic. 
It is possible they may to a certain extent, not exceeding o. 5 A. U., 
be accounted for by errors of observation in the case of faint lines. 
Most of the lines whose relative intensity is marked “2’’ were so 
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faint that they were barely visible under the microscope of the divid- 
ing engine, but even making allowance for this source of error the 
discrepancies, in some cases, are too large to disappear entirely as in 
the case of the magnesium and copper series. Since these departures 
from the law of equi-spacing are not systematic they cannot arise 
from the fact that this law is an approximation but they must be in 
the nature of disturbances. In fact it would be surprising if such a 
complicated vibrating system as we must have here could emit radia- 
tions whose wave-lengths would be exactly represented by such a 
simple law. Slight apparent shifts may also arise from the presence 
of a strong absorption line, for the fluorescent light is obliged to pass _ 
through cooler sodium vapor on its way to the spectroscope, as has 
been pointed out in an earlier paper. 

The dynamical model of the sodium fluorescence proposed by 
Stephenson suggests that the differences of the frequencies of the 
lines in the same series should be constant. But a simple trial for 
such a series as silver a proves immediately that this relation does 
not hold. The variations are very much greater than before. We 
conclude therefore that the formula which most nearly represents the 


lines in a series is 
I I k No 


~ /k +x utm 


There is an obvious resemblance to the ordinary formula for spec- 
trum series. 

Though we cannot accept the dynamical model suggested by 
Stephenson, still it is an interesting analogy. It is probable that the 
series are due to some cyclic electromagnetic system such as a ring 
of electrons in orbital motions, and that the differences of the wave- 
lengths in the series bear some relation to the period of the cyclic 
motion. 

Even the average value of & for each series is not a constant, as 
will be seen from the table, in which it varies from 38-39. The 
different series should therefore get slightly out of step when they are 
plotted on the chart, but the effect is not noticeable. The difference 
in the value of & is because the series only coincides for a small part 
of the spectrum; and the differences have been taken over different 
parts of the spectrum and from a different origin in each case. Where 


| 


RESONANCE AND ROTATION SPECTRA OF SODIUM 371 


two series have corresponding members at any point they will be 
found to remain very closely in step with each other all along the 
spectrum until one series disappears. We say therefore that all these 
series approximate to an ideal type in which the spacing is uniform 
for every series. 


k No. of | Exciting Typical 


Series First Line | Last Line 
5148 
5148.3 
33.5 6 4972.1 5152.8 5192.8 | 5303-3 
b 38.4 9 5153-4 5153-4 | 4885.8 | 5230.9 
6 5006.5 5158.5 4964.4 | 5158.5 
Cadmium........ d 4 5086 5159 
5209.2 5160 5122 5236 
Barium..........| 6 38.3 | 6 4932 5161.6 5123.9 5318.5 
Ear a 39 | 10 | 5006.5 5162.4 4929.4 5278.8 
LMMMIM......... b 38.4 | 2 4972.1 5162.4 5124 | §162.4 
Copper..........| d;38.4 | 5 | 5105.7 5163 5086.7 | 5279.2 
Cadmium. .... | 7 | 5086 5164.4 
5165.8 
5166 
oO eee | a 38.7 | 7 4972 5167.3 4934-5 | 5167.5 
Magnesium...... | a 38.9 | 9 | 5167.5 5167.5 5050 5244 
eee | @ 38.3 | 12 4934 5167.8 4860.9 | 5321.3 
Copper..........| @ 38.5 6 | 5105.7 5168.5 5130.5 5322.2 
¢€ | 6 | 5086.2 5169.5 
Silver............| @ 38.3 | a 5209.2 5170.8 4947-5 | 5324.5 
Magnesium...... | b 38.5 12 | 5172.9 5172.9 4865.8 | 5249.2 
5172.9 
St73.t 
Copper..........1° ¢ 38.4 7 5218.5 5179-3 4873.8 5256.2 
5179.6 
5180.1 
9 5105.7 5181.8 4878.9 5181.8 
Magnesium......| ¢ 38.1 5 5183.8 5183.8 4842.3 5300.8 
5186.5 


An attempt has been made to group all these series into one 
comprehensive scheme. The arrangement of the resonance spectra 
into series has an intimate connection with the regularity which has 
already been noticed in the spectra of the white-light fluorescence and 
magnetic rotation in the same region (A 4900-A 5300). In this interval 
we find that both spectra consist of five series of lines and bands 
respectively, in step with the resonance spectra. If we assume that 
the series are due to the forced oscillations of a cyclic system, then 
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the lines in each band would correspond to the different frequencies of 
the system, each of which gives an equally spaced series, so that the 
band would recur at equal intervals along the spectrum, which depend 
on the period of the cyclic motion. If we take the table of all the 
series, we see that, on this scheme, the series lithium c, copper 0, lead 
b, and cadmium d all belong to the band which corresponds to the 
fifth magnetic series, and so on for the other series. 

This fluorescent band should be the complement of the correspond- 
ing portion of the absorption spectrum. We do not, however, observe 
any periodicity in the absorption spectrum of sodium vapor in vacuo, 
but at atmospheric pressure the spectrum becomes fluted and these 
flutings correspond exactly to the white-light fluorescent bands. 
They are produced by the increase of the absorption in that part of 
the spectrum which corresponds to the head of the fluorescent band. 

This phenomenon is no doubt connected with the magnetic rota- 
tion which takes place only at the head or tail of a band. It has been 
shown that the magnetic rotation in the lines which are members of 
any of the magnetic series is in the same sense as at the D lines, which 
are due to negative electrons. It would, however, be an unwarranted 
extension of elementary theory to assert that the fluorescent lines are 
all due to negative electrons, but it is probable that they are. 

If we make the assumption that each band corresponds to one 
vibrating system we must assume that the different bands are inter- 
connected; for a monochromatic stimulation sets two and even three 
series going which are each in different bands. This will be seen 
from the chart or the table. The lithium and barium excitations are 
good examples of this. They excite three series, a in the second 
band, 0b in the first band, c in the fifth band. In the detailed dis- 
cussion it was shown that these two resonance spectra were very similar 
and were doubtless due to the same system or combination of systems. 

This is the only experimental connection which has been observed 
between the series. The hypothesis that the lines in one band belong 
to the same system is questionable. But the economy of thought 
attained by the representation of the phenomena by the above scheme 
makes it worthy of consideration. 


Jouns Hopkins UNIVERSITY 
BALTIMORE, MD. 
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TWO CURIOUSLY SIMILAR SPECTROSCOPIC BINARIES 
By J. S. PLASKETT anp W. E. HARPER 


The orbit of the spectroscopic binary « Orionis was published by 
the authors of this paper more than a year ago’ and later a least- 
squares correction was added by Mr. Plaskett.? Owing to the very 
diffuse lines of its spectrum the question of a secondary effect in its 
orbit was left unsettled. Recently the undoubted presence of a 
secondary disturbance in the strikingly similar orbit of the star 
B. D. —1°1004 obtained by Mr. Harper seemed to justify a redeter- 
mination by Mr. Plaskett of the elements of the former, adding terms 
for a secondary effect. 

On account of the disconnected character of the investigation it 
has seemed the most logical plan to discuss these two binaries fol- 
lowing the order of development of the work. 

t Orionis 

For the sake of completeness a short résumé of the published work 
on this star will be given. « Orionis, R. A. 5" 30°5, Dec. —5° 50’, 
type Ib, photographic magnitude 3.4, was discovered and announced 
by Frost and Adams? as a spectroscopic binary in 1903. It was 
under observation here from December 11, 1906, to January 25, 1908, 
and 107 plates were used in obtaining the orbit. Considerable 
uncertainty attaches to the measurements on account of the broad, 
diffuse, and frequently asymmetric character of the lines and their 
low intensity. This is indicated by the high probable error, about 
7 km, of a single plate. The elements as determined graphically and 
twice corrected by least squares are as follows: 

ELEMENTS OF « Orionis 


| 


Element Graphical | 1st Solution 2nd Solution 
112.0 | 109 .g2 109.90 km 
0.75 0.7552 0.7543 
110° 113°31 113°28 
J. D. 2,417,587 .94 7,587 7,587 .993 
+20.7 + 21.34 +21.34 km 
29.136 29.136 29 .136 days 
29,680,000 28,867,000 28,709,000 km 


| Astrophysical Journal, 2'7, 272, 1908. 
2 Ibid., 28, 274, 1908. 3 Ibid., 18, 383, 1903. 
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As mentioned in the original paper a secondary effect of some 
kind is probably present, although its probability is somewhat 
diminished by the least-squares solutions. Owing to the inferior 
accuracy of the measures it was not further considered until the 
striking resemblance between its orbit and that of B. D. —1°1004 
obtained by Mr. Harper led to a redetermination of the elements 
including terms for a secondary effect. 

B. D. —1°1004 
(a=5> 36™; 5=—1°11’; Mag.=5.1; Spectral type Ib) 

Four plates of this star, one in 1905 and three in 1906, were made 
at the Yerkes Observatory and the results showed it to be of varying. 
radial velocity. It was accordingly announced as a spectroscopic 
binary by Professor Frost," who made mention that the helium line 
A 4388 gave a distinctly different displacement from the other lines; 
other than that there was no evidence of the existence of a second 
component spectrum. 

Work was commenced on the star here December 28, 1907, and 
up to March 31, 1909, thirty-six spectrograms had been secured. 
The instrument used was the single-prism spectrograph which at Hy 
has a dispersion of 30.2 tenth-meters per millimeter. The spectrum 
is of the helium type and the lines are fairly well adapted for measure- 
ment. The following table gives the more important lines used: 


LINES IN B. D. —1°%1004 


Element Wave-Length || Element | Wave-Length 
4861.527 || H.......... | 4340.634 
4481 .400 | 4121.016 
| | 3970.177 


Of these the lines most commonly used were those of hydrogen 
and helium, along with the carbon line A 4267. The iron lines were 
only visible when the spectrum was not too dense: a plate having 
the best exposure for the hydrogen and helium lines was usually too 


t Astrophysical Journal, 23, 264, 1906. 
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dense to show up the iron lines. The latter, when measured, how- 
ever, showed no difference in displacement to the others, nor did the 
helium line, 4 4388, which Frost commented upon. Evidently in 
our plates the spectrum of one component only appeared. 

Early in 1908 the period and general form of the oscillation-c-rve 
were known. It was seen that there was a rapidly descending branch 
of the curve where it would be well to have as many observations as 
possible and it was especially watched for at these critical times. 
Unfavorable weather, however, during the season of 1g08—1909 pre- 
vented any observations being secured at the time of maximum 
negative velocity; otherwise the curve is fairly complete. 

In determining the period much assistance was given by the early 
observations of Frost. While our own results gave a period slightly 
over 27 days, the fact that an interval of some thirty or forty periods 
had elapsed between the Yerkes results and our own made it possible 
to determine the period with greater precision. One of the early 
observations fell at the maximum of the curve and the period deter- 
mined by using this observation along with our own maxima was ° 
27.160 days, which cannot be in error much more than 5 in the 
last place. 

Using this period, the phases of the thirty-six observations from 
an arbitrary epoch were now computed. They were then grouped into 
fourteen normal places, weights being assigned to each group depend- 
ing not only upon the sum of the weights of the individual plates but 
also upon the number of nights involved. When an attempt was 
made to obtain preliminary values of the elements by the graphical 
method of Dr. W. F. King" it was found that no curve derived from 
simple elliptic motion would suit the observations; there was a 
secondary disturbance of some nature whose period was coincident 
with the period of the star itself. Secondary disturbances in other 
binaries—one of one-half the period, another of one-third the period— 
have recently been found in our work here, the assumption of their 
presence greatly improving the agreement between theory and 
observation. Hence no simple solution was attempted. After a 
great many trials a set of elements was adopted which seemed to be 
in best agreement with the observations. One observation on the 


t Astrophysical Journal, 2'7, 125, 1908. 
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rapidly descending branch of the curve gave an abnormal residual, 
which was probably the cause of the large number of least-squares 
corrections required. 

With these elements which are given below it was decided to make 
a least-squares solution, using the differential equations of Lehmann- 


Filhés. 


Fourteen observation equations, connecting the elements 


y, K, e, o, T, K’, and T’ with the residuals for each group, were 
formed and a corrected set of elements was obtained which greatly 


lessened the sum of the squares of the residuals. 


As the corrections 


were large a second solution was necessary. This second set of 
values again lessened =pvv, but two more solutions, omitting correc-. 
tions for y and K’, which were small in the second, were necessary 
before a satisfactory agreement between the residuals from ephemeris 
and equation was reached. 
The following table gives the successive approximations to the 

It will be seen that =pvv has been reduced 
from 3239 to 175, the greater precision arrived at justifying the extra 
‘labor involved in the least-squares solutions. 


values of the elements. 


SUCCESSIVE APPROXIMATIONS TO ELEMENTS 


Elements Preliminary | 1st Solution 2d Solution 3d Solution | 4th Solution 
27.160 days | 27.160 days 
+26 km '+26.25 km |+26.12 km | +26.12 km 
110 km 95-33 90.32km] 93.81 km 93.04 km 
.85 km -794 .748 Bi 765 
ee go | 95°92 84°13 89°13 87°02 
@siné..... 22,380,000 km 
6 km 10.56km| 10.15 km 10.15 km 
2417973 .070 974-373 -973-156 |...973.791 
3329 505 318 186 175 


The curve Fig. 1 is drawn from the final elements,” though the 
original elements gave a curve which to the eye appeared to suit 
almost as well. The circles represent our own observations, grouped; 
the triangles, individual observations at Yerkes—one of them unpub- 
lished as yet, being communicated through the kindness of Professor 


Frost. 
Without going into detail to give the measures of the various plates 
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the accompanying table will show the observations as grouped, the 
phases being reckoned from the periastron finally adopted. 


NORMAL PLACES 


No. Mean Phase Mean Vel. Wt oO -C 
km km 

0.052 + 27.27 1.5 +2.78 
1.882 — 50.05 1.5 — 3.65 
4.489 — 9.25 2.0 +5.39 
6.705 + 2.44 +1.52 
8.635 + 8.60 4.0 —0.98 
10.809 + 16.67 3.0 +0.68 
14.120 + 21.70 1.0 —1.50 
_ 16.979 + 28.90 1.0 —2.72 
19.112 + 45.64 +4.25 
22.504 + 66.91 2.0 —0.37 
24.149 + 87.10 0.5 —0.40 
25.584 +110.40 1.0 —2.02 
26.421 +125.90 £.5 +2.32 
27.059 + 58.15 —3.62 


The probable error of a normal place of weight unity is +2.97 km 
persec. When the residuals for each plate were determined separately 


Dayso . 3 6 9 12 15 18 21 24 27 
Fic. 1.—Velocity-Curve of B. D. —1°1004 
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by scaling from the final curve the probable error of an average plate 
was +5.2 km per sec. With two abnormal residuals around peri- 
astron omitted—in one, No. 2026, the exposure was prolonged and 
temperature in prisms changed—this value reduces to +4.6 km 


+100 


4 


+ 
N 


100 


= 
pom 


Days o 4 8 12 16 20 24 28 32 


Fic. 2.—Velocity-Curve of « Orionis 


per sec. The diameter of the circles in the curve represents the 
probable error +5.2. 

A graph of the orbit is shown in Fig. 3. 

More plates of this star will be made during the coming season to 
determine definitely the maximum velocity to earth. It is expected 
that it will not differ materially from that which has been assumed 
in this determination. 

As mentioned above, the similarity of the velocity-curves and of the 
elements of the two stars and the undoubted presence of a secondary 
effect in the latter, with its probable presence in the former, were 
deemed sufficient reason for a redetermination, with the addition of 
terms for the secondary, of the orbit of « Orionis. Accordingly such 
a solution by the method of least-squares was performed by Mr. 
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Plaskett. For the preliminary elements of the primary those deter- 
mined graphically, as better suited to the application of the secondary, 
were taken; while for the latter, simple circular motion of half 
amplitude 7.0 km and of the same period was superposed on the 
primary, the crossing points being taken at periastron and apastron. 

The first solution showed greater differences than seemed desirable 
between the residuals from ephemeris and equation and a second 
solution was made. The differences between residuals then became 
satisfactory, and as the table of elements shows, the second corrections 
are very small. The velocity-curve corresponding to the final 
elements is shown in Fig. 2 in the heavy curve, the dotted curves 
representing the primary and secondary components. For com- 
parison the elements without secondary are tabulated beside those 
with secondary. 


FINAL ELEMENTS Orionis 


| SOLUTIONS WITH SECONDARY 
ELEMENT | PRELIMINARY SIMPLE SOLUTION 
First Second 
112.0km 113.544 113.681 109 .go 
0.75 0.7406 ©.7415 0.7543 
110.0 112°315 112°374 113°28 
7.94 7.2675 7.3545 
+20.7 km 21.511 21.532 21.34 
asini 29,680,000 km 30,560,000 28,907,000 


A comparison of Fig. 2 with the original velocity-curves shows an 
improvement in the agreement of normal places and curves by the 
introduction of the secondary, and this is further demonstrated by 
the decrease in the probable errors, etc., as shown in the following 
table: 


Wirnovut SECONDARY SECONDARY 

Preliminary | Corrected | Preliminary} Corrected 
Zpvv 2994 2181 1683 1316 
Prob. error normal place of unit weight...) +8.0 +6.9 +6.3 +5.5 
Prob. error average normal place......... +3.8 +3.3 +2.9 +2.5 
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There appears to be no doubt of the observations being better 
suited by the orbit with secondary and this, taken in conjunction 
with the similarity to the star B. D.—1° 1004, where the presence of a 
secondary is undoubted, seems definitely to settle the question. 


B.D. —1°1004 t Orionis 
Fic. 3.—Graph of Orbit 


Comparison.—T he similarity between these two binary stars in posi- 
tion, in spectral type, and in the elements of their orbits seems almost 
too marked to be accidental, although we know no apparent common 
cause capable of producing such similarity. The orbits of both stars 
are singular in their high eccentricity, in their high range of velocity, 
and especially in having a secondary disturbance of the same period 
as the primary. One spectroscopic binary only of those so far 
determined, 8 Arietis, has an eccentricity greater than 0.75, and 
although there are several binaries with secondaries of periods sup- 
multiple of the primary, none up to the present, so far as known, has 
secondary periods equal to the primary. 

The points of similarity may with advantage be briefly referred to: 

1. Position in the sky: 
t Orionis, . . . R. A. 55 30™ Dec. —5° 50’ 
B. D. —1°1004, R. A. 55 36™ Dec. —1° 11’ 
Both in the constellation of Orion and within 5° of one another. 
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2. Spectral type: 

Both are Orion or helium stars having diffuse lines of hydrogen and 
helium with occasional metallic lines and traces of the second 
hydrogen series. The measures depend, however, almost entirely 
upon the hydrogen and helium lines. 

3. Periods: 
t Orionis, . . . 29.136 days 
B. D, —1°1004, 27.160 days 
Both are practically one month. 
4. Eccentricities: 
t Orionis, . . . 0.74 
B. D. —1°1004, 0.76 
Both are exceptionally high for spectroscopic binaries. 
5. Amplitude or range of velocity: 
t Orionis, . . . 227 km 
B. D. —1°1004, 186 km 
Both are considerably higher than the average, probably indicating 
that the planes of the orbits are not far from the line of sight. 
6. Longitude of the apses: 
Orionis, . . 112°4 
B. D. —1°1004, 
In both systems the major axis is nearly parallel to the line of sight. 
7. Velocities of the systems: 
t Orionis, . . . +21.5 km per second 
B. D. —1°1004, +26.1 km per second 
Both are of the same order and practically the same. 
The most striking similarity is however undoubtedly in the secondary 
disturbances, which are almost identical in period amplitude and phase. 
8. Periods of the secondaries in both the same as the period of the pri- 
mary, something so far unknown in spectroscopic binaries. 
Observations in both apparently well satisfied by assumption of 
circular motion of secondary superposed on elliptical motion of 
primary. 
g. Amplitudes or range of velocities of secondaries: 
t Orionis, . . . 16.8km 
B. D. —1°1004, 20.2 km 

Practically the same, one-thirteenth and one-ninth, respectively, of 

the amplitudes of the primaries. 
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10. Times of secondary crossing primary: 
t Orionis, . . . —o.6 days before primary periastron 
B. D. —1°1004, —1.2 days before primary periastron 
For comparison it may be said approximately that the time of crossing 
is coincident with the nearest approach of the bright pair. 


11. On the assumption of the secondary being due to a revolving satellite 
the projection of the semidiameter of secondary, a’ sin 7, is 
t Orionis, . . . 3,358,000 km 
B. D. —1°1004, 3,791,000 km 


It is comparatively easy to point out the similarities in the two 
binaries, but to determine if this is due to a common cause and then’ 
to find this cause is quite another question. So far as the second- 
ary effects are concerned, however, it may be safely inferred from 
their similarity that they are due to the same physical cause. Owing 
to the secondary being of the same period as the primary, with the 
high eccentricity of the latter, the line displacements observed are 
not likely due to the presence of a third body for, so far as known, 
such a system is dynamically impossible. On the other hand, the 
equality of primary and secondary periods would be some justifica- 
tion for connecting the secondary effect with the orbital revolution 
of the system, but whether due to a resisting medium, to tidal action, 
or to other causes, cannot at present be determined. 

It is with much pleasure that we acknowledge the assistance of 
Director Dr. W. F. King, in some of the mathematical questions 
involved and his interest and encouragement in the work. 
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‘THE EFFECT OF A MAGNETIC FIELD UPON THE 
ABSORPTION SPECTRA OF CERTAIN RARE 
EARTHS 


By WILLIAM FREDERICK SCHULZ 
INTRODUCTION 


Although the great majority of solid substances when heated to 
incandescence give a continuous emission spectrum, it was discovered 
by Bunsen’ in 1864 that didymium emits a bright band spectrum 
under these conditions. The same phenomenon was observed with 
erbium by Bahr? in the following year, and since then a few more of 
the rare earths have been shown to possess the same peculiarity. The 
absorption spectra of these rare earths are of special interest, it being 
by means of these spectra that some of them were discovered. So 
far neodymium, praseodymium, samarium, erbium, holmium, dyspro- 
sium, thulium, and europium are the only ones found to give a line 
absorption spectrum. Because of their interest and peculiarities, 
the comparatively great number of bands, and the relatively small 
width of some of the latter, these substances have been the subject of 
spectroscopic investigation by a large number of observers. 

One of the methods extensively used is to form the absorption spec- 
trum by means of a beam of intense light after reflection from one of 
the salts of the element to be studied. This method was first used 
by Haidinger’ in 1852. 

As some of the results of these experiments have a direct bearing 
on the subject of this research they will be briefly reviewed here. 

It was noted as early as 1831 by Brewster that the transparency 
and color of certain solids were altered when they were heated, but 
Conway in 1891 was the first to make spectroscopic measurements 
of this change and showed that the bands of cobalt glass were shifted 
toward the red end of the spectrum as the temperature increased. 

Recently J. A. Anderson‘ investigated the effect of increase of 
temperature upon the absorption bands of erbium and neodymium 

 Liebig’s Annalen, 131, 255, 1864. 3 Wien. Ber., 8, 97, 1852. 

2 Ibid., 135, 376, 1865. 4 Astrophysical Journal, 26, 73, 1907. 
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compounds, and J. Becquerel,’ using liquid air as a cooling medium, 
experimented with crystals containing these and other rare earths, 
and also with solutions of their salts in various alcohols, the solutions 
of course being solid at the temperature used. 

The effect upon the absorption bands was threefold: As the tem- 
perature was lowered, they were shifted from their original positions; 
they became narrower and sharper, and at the same time more intense. 
Some of the bands were shifted toward the red end of the spectrum, 
while others moved in the opposite direction. 

J. Becquerel and J. K. Onnes? later repeated the experiments, 
using liquid hydrogen for the cooling bath. It was found that at this 
lower temperature some of the lines again became broader, some of — 
them actually disappearing, whereas new ones appeared which were 
not observed at ordinary temperatures. 

Becquerel’ also studied the effect of a magnetic field upon the 
absorption bands of the transmission spectrum of these crystals, 
both at ordinary and at very low temperatures. It was found that 
some of the bands were not at all affected, others simply becoming 
broader and changing in intensity in the magnetic field, whereas in 
yet others the effect was similar to the Zeeman effect in vapors. The 
magnitude of these effects was found to be proportional to the strength 
of the field and independent of the temperature. Uniaxial and biaxial 
crystals were used and naturally the effect depended upon the relative 
positions of the crystal with respect to the beam of light and the direc- 
tion of the magnetic field. The result of this investigation may be 
briefly described as follows: 

Case I.—The beam of light perpendicular to the direction of the 
magnetic field. 

The spectrum corresponding to rays polarized perpendicular to the 
field differed from that corresponding to rays polarized parallel to 
the field. Certain rays were split up into triplets, the outer com- 
ponents of these triplets, for some bands, being found in one of the 
above spectra, for other bands in the other spectrum. 

As the optical axis of the crystal was rotated in a plane parallel 
to the beam of light and to the direction of the lines of force, it was 

1 Comptes Rendus, 144, 420, 682, 1032, 1336, 1907. 2 Ibid., 146, 625, 1908. 

3 Ibid., 142, 775, 874; 143, 890, 962, 1906; 144, 132, 1907. 
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found that some of these components in the ordinary spectrum them- 
selves split up into a doublet, some of the new components increasing 
in intensity as the rotation proceeds, others becoming feebler and 
finally disappearing. The displacement of some of the bands is 
greater than would be expected from a knowledge of the Zeeman 
effect. At ordinary temperatures the field-strength used was in the 
neighborhood of 30,000 Gauss, but at the lower temperatures the 
separation could be noted with field-strengths of about half this 
amount. 

Case II.—The beam of light parallel to the field of force. 

If we were observing the Zeeman effect upon the emission lines 
of a vapor under this condition, and passed the light through a quar- 
ter-wave plate and a rhomb of spar properly oriented, we would see 
in the spectrograph two contiguous spectra, plane polarized at right 
angles to each other. These two spectra correspond to light circularly 
polarized in opposite directions. The circularly polarized components 
of each doublet produced by the magnetic field are equally displaced 
from the position of the original line, but in opposite directions. 

For this arrangement of the apparatus Becquerel obtained com- 
ponents of his bands which were shifted in opposite directions in the 
two spectra. We may think of these components as corresponding 
to circular vibrations in opposite directions, the direction of vibration 
being in each case opposite to that of the light which actually gets 
through the apparatus when the plate and prism are not inserted, and 
Becquerel so speaks of them. 

He found also that in the same spectrum the components of 
different bands were shifted in opposite directions. 

Since in the Zeeman effect the rays corresponding to negative 
electrons with paths in the same sense as that of the magnetizing cur- 
rent are always shifted toward the shorter wave-lengths, the above 
fact would indicate that there are positive electrons present in the 
crystals, or else that there is a change of direction of magnetic field 
within certain atoms. Becquerel accepts the first of these hypotheses. 

He calculated the value of e/m for these positive electrons from 
the separation of the components of different bands and found it 
to be from three to nine times the value of this ratio for kathode 


particles. 
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Rotary magnetic polarization was observed' by passing a beam of 
plane-polarized white light through a plate of crystal cut normal to 
the axis, and then through a rhomb of spar placed in front of the slit of 
the spectrograph and so oriented that two contiguous strips, polarized 
in different planes but having the same intensity, could be seen at the 
same time. When a magnetic field was set up parallel to the incident 
beam the bands of the ordinary absorption spectrum were found to 
change in intensity. The bands corresponding to negative electrons, 
in one of the strips, became more intense and narrow, whereas those 
corresponding to positive electrons became less intense and broader. 
In the other strip the effect was just reversed, and the whole effect was 
reversed when the direction of the field was changed by reversing the 
magnetizing current. Becquerel states that “on each side of the 
absorption bands which form a doublet, the rotatory power is positive 
(in the sense of the magnetizing current) if the band corresponds to 
negative electrons, and negative if the band corresponds to positive 
electrons. Within each band or between the components of certain 
of them, the sense of the rotation is opposite to that outside of the 
band.” 

Becquerel mentions? that these crystals contain paramagnetic 
substances (erbium, didymium, etc.). Now according to Curie’s 
law paramagnetic susceptibility is proportional to the absolute tem- 
perature, whereas diamagnetism is independent of the temperature. 
Having found that the change of period of vibration of electrons in 
these crystals is independent of the temperature, he seeks for a con- 
nection between these changes and diamagnetism. 

From his theoretical investigation Becquerel concludes that the 
period of the motion proper to the electrons is not influenced by the 
temperature in the solid body, but that the resistance experienced by 
the electrons in vibration increases and diminishes with the tempera- 
ture. An analytical investigation of these effects led W. M. Page? 
to the following conclusions: 

1. If the electron is easily displaced from its equilibrium position, 
a large separation of the components of the doublet will result from 
the action of a magnetic field. 

1 Comptes Rendus, 142, 1144, 1906; 144, 682, 1907. 2 Le Radium, 5, 5, 1908. 

3 Cambridge Phil. Soc. Trans., 20, No. 13, 291, 1907. 
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2. If the friction is small the bands will be very dark and narrow, 
while if the friction is large, the bands will be wide and will shade off 
very gradually from the point of maximum intensity. Thus when 
the crystal is acted on by a magnetic field, the components of the result- 
ing doublet will run into one another and the separation will not be 
observed, though the bands on the whole will increase in breadth. 

3. The fact that some of the bands observed broaden for some 
directions of the vibrations and separate for others, is held to indicate 
that the friction is different in different directions. 

4. The vibrations are preferably ascribed to negative electrons 
in all cases, it being held that in the neighborhood of systems that give 
“inverse” displacements, the magnetic field changes sign, i. e., that 
these inverse effects are diamagnetic in character. 


OBJECT OF THIS INVESTIGATION 


The fact was brought out by Anderson that when an absorption 
spectrum was obtained by reflection from the fused surface of the 
oxide of erbium or of neodymium, the spectrum was identical with 
that obtained from the unfused oxide except that the absorption bands 
were very much more intense in the former. This indicated that the 
absorption bands are really due to the fact that the light is transmitted 
through a thin layer of the substance, the increased intensity being 
due to the longer path through the more transparent fused oxide. 

It was therefore determined to investigate whether the absorption 
bands obtained in this manner are affected by a magnetic field in the 
same way as those obtained by transmission through crystals. 


PREPARATION OF MATERIALS 


The salts of erbium and of neodymium are known to show a large 
number of absorption bands which are comparatively narrow and 
sharp. It was therefore determined to use the oxides of these elements 
as the reflecting surfaces. 

The chlorides of these elements' were first precipitated by the 
addition of a concentrated solution of oxalic acid. After being washed 
with hot water to remove any remaining oxalic acid, the precipitates 
were dried and then heated in porcelain vessels to a red heat, being 


‘ The chlorides used were some of those prepared by Dr. Anderson during his 
investigation of these elements. 
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thus converted into oxides. The erbium salts were found to be free 
from neodymium, praseodymium, and holmium. 

To use these oxides as reflecting surfaces they were formed into 
small plates about 4x23 mm in dimension. The powdered oxide 
was moistened with chloride solution and then packed into a small 
glass mold, a fine platinum wire being forced into the mixture before 
it hardened. By means of this wire the plates were readily handled 
after they were dried. The plates were toughened by alternately 
dipping them into the chloride solution and gradually heating them 
to redness. 

As was shown by Anderson the absorption bands obtained from | 
these oxides are much darker and more distinct if the reflecting sur- 
faces are fused. The plates of erbium were therefore heated for 
several hours in the oxyhydrogen flame after they had been toughened. 
It was found that the neodymium oxide when treated in this manner 
became so dark that it was rendered unfit for use. It was therefore 
heated for several hours in the Bunsen flame and then for only a short 
time in the oxyhydrogen flame. 

ARRANGEMENT OF APPARATUS 

The spectrum was observed by means of a fixed-arm spectrograph 
having an objective with a focal length of 160 cm. A plane Rowland 
grating on speculum metal having a space of 32 inches ruled with 
20,000 lines to the inch was used. 

The reflecting plate was placed between the poles of a large Ruhm- 
korff electromagnet,' and was strongly illuminated by focusing the 
light from the positive pole of a carbon arc lamp upon it, the reflected 
beam being focused upon the slit of the spectrograph. 

In order to observe side by side the spectra polarized in planes 
perpendicular to each other, the beam of light was passed through a 
properly oriented double-image prism before falling on the slit of 
the spectrograph. 

METHOD OF OBSERVATION 

The reflected beam of light was rather faint, and it was found 
advantageous to focus the light upon the slit by means of a cylindrical 
lens. The effect of the magnetic field upon the absorption bands 


t For some of the observations, use was made of a small du Bois magnet belonging 
to the U. S. Bureau of Standards. 
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could, however, be plainly seen with the naked eye except in the 
region of short wave-lengths. 

In order to measure the effects more accurately and to compare the 
spectra obtained with and without the magnetic field, they were photo- 
graphed. 

The two spectra were observed side by side by alternately masking 
the two halves of the slit. But the camera was so arranged that when 
this was not possible, a freely moving screen could be moved up and 
down in front of the plate, this screen having a slit large enough to 
permit the full spectrum (obtainable with this apparatus) to be 
photographed. 

This spectrum covered a range of 500 Angstrom units, and it was 
proposed to study in particular three groups of bands of erbium 
oxide, which were more intense than the others, and which were 
found in the regions between A 4450 and A 4760, A 5150 and A 5650, 
A 6300 and A 6800, respectively. (See Figs. 1 and 2.) 

In the case of neodymium oxide the band at A 4375.2 and those 
lying between A 5300 and A 5500, and between A 5800 and A 6200 were 
observed. 

The time of exposure was limited because of the heating of the 
electromagnet, owing to the heavy currents which were required 
to produce the strong fields that were used. It was therefore neces- 
sary to use the quickest photographic plate that was sensitive in the 
particular region to be investigated. A large number of plates of 
various kinds were experimented with, and finally the following were 
chosen as giving the best results in the limited time at our disposal: 
for the blue region of the spectrum, Seed’s Gilt Edge No. 27; for the 
green region, Cramer’s Isochromatic; and for the red region, the 
Wratten & Wainwright Panchromatic plates. 

In order to gain the advantage of narrow and intense bands at low 
temperatures, an attempt was made to cool the reflecting plate by 
directing a fine stream of ethyl chloride upon its surface. The effect 
produced was hardly noticeable and this method was abandoned. 
The air gap between the poles of the electromagnet was generally 
less than one millimeter in order to obtain the strongest possible field, 
so that it was impracticable to immerse the plate in liquid air within 
this gap. 
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A water-screen was for a time placed in the path of the incident 
beam to prevent heating of the reflecting plate, but this was found to 
be unnecessary, the heating effect being negligible in comparison with 
the magnetic effect. 

Several photographs were taken of the second-order spectrum but 
nothing new was brought out by these, and as the time of exposure 
was limited, the majority of the photographs were taken of the first- 
order spectrum. 

The effect of the magnetic field was observed: (1) when set up 
perpendicular to the beam of reflected light, and (2) when set up 
parallel to this beam. In the latter case a quarter-wave plate 
and double-image prism were arranged in the manner already 
described, which would in the case of the ordinary Zeeman effect 
give two spectra corresponding to circularly polarized components 
of opposite sense. We will speak of the two spectra obtained in 
the case of absorption bands, as corresponding to opposite circular 
vibrations, using this phrase in the same sense that Becquerel 
used it. 

The core of the magnet was bored with a ?-inch hole, the pole 
piece with a ;°,-inch hole. The axis of this opening was in line with 
the middle of the slit and with the center of the grating. In the first 
experiments a small right-angled prism was placed in front of this 
opening and an arc lamp to one side of the magnet, so that the beam 
of light reflected into the opening by the prism and falling upon the 
erbium or neodymium oxide plate retraced its path parallel to the 
lines of force. 

The reflected beam was rather feeble and required so long 
a time for exposures that a strong field could not be used. The 
prism was therefore discarded and the following arrangement was 
substituted. 

The reflecting plate was placed between the pole-pieces at an angle 
of about forty-five degrees with the direction of the field. The source 
of light was placed to one side of the magnet so that the light falling 
upon this inclined plate was reflected through the opening parallel to 
the lines of force. 

There was no noticeable difference between the photographs 
obtained with these two arrangements. 
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RESULTS OF OBSERVATIONS 


The field strength was varied from 18,000 to about 27,000 Gauss 
and the magnetic effect was found to be proportional to the strength 
of the field. 

Erbium oxide. Case I.—The direction of the magnetic field 
perpendicular to the beam of light. 

Under these conditions it was found that some of the bands were 
not appreciably affected. Others were considerably broadened both 
in the ordinary and in the extraordinary spectrum. It was observed, 
however, that the broadening was greater in one case than in the other, 
and upon examination with a Nicol prism, the broader of the two was 
found to be due to vibrations perpendicular to the lines of force of the 
field, the other being due to vibrations parallel to the field. Reversing 
the magnetic field did not alter the appearance of these bands. The 
narrower band evidently corresponds to the middle component of the 
ordinary Zeeman triplet, the broader band to the outer components. 
It was noticed, however, that in all the photographs the spectrum due 
to vibrations parallel to the field was considerably denser than the 
other, probably owing to the polarization introduced by the grating. 
The difference in width may therefore have been in part due to this 
different density. 

Not even with the strongest field used could a positive separation 
of the two outer components be detected, although in some cases the 
width of the bands is increased in the magnetic field about one and a 
half times. 

Still other bands were found to be shifted from their original 
positions when the magnetic field was set up. Some of these were 
moved toward the red end of the spectrum; others toward the violet 
end. 

In other cases the bands were unsymmetrically broadened, the 
broadening being in opposite directions for different bands. 

There is also a marked change in the intensity of the bands when 
in a magnetic field. As they become broader they decrease in inten- 
sity, some of them actually disappearing. 

The difference in breadth of the bands in the spectra polarized at 
right angles to each other is clearly seen in the isolated band at 
4 5197.0. This is shown in Fig. 3, which is the group marked “B”’ 
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in Fig. 1, but on a larger scale. Taking the average width of this 
band from three different plates it was found to be about 3.7 A. U. 
when the field was not excited. In the magnetic field, the width 
changed to about 4.7 A. U. and 5.1 A. U. respectively for the two 
spectra, with a field strength of approximately 25,000 units. 

In the same group the band at A 5250.0 does not seem to be affected 
by the field. 

The band at A 5242.2 is much broadened, the width in the magnetic 
field being about one and a half times as great. 

The bands at A 5212, A 5232, and 4 5268.8 in this group show 
marked decrease in intensity. The one at A 5232 is no longer visible 
in the magnetic field. The one at A 5212 may still be seen in the spec- 
trum polarized parallel to the field but not in the other. The band at 
A 5268.8 can be seen in the spectrum polarized perpendicular to the 
field, but not in the one parallel to the field. 

The other bands in this group seem to increase in width in the 
manner first described. 

Fig. 6 shows on a larger scale the group of bands marked “C” in 
Fig. 2. In this group the band at A 6630 shows no appreciable change 
in the magnetic field. The one at A 6617 is much broadened, the 
broadening being unsymmetrical and toward the red end of the spec- 
trum. On the other hand, the band at A 6524 also broadens unsym- 
metrically but toward the violet end of the spectrum. The other 
bands of this region are all more or less broadened. 

In Figs. 4 and 5 the group marked “A” in Fig. 1 is shown on a 
larger scale. The band at A 4499 shows no change in the magnetic 
field. The band at A 4510.5 changes very little in breadth but is 
shifted toward the violet end of the spectrum by approximately 0.6 
A. U. for a field strength of 25,000 units. The broad band at about 
A 4486 appeared to become narrower and more intense in the magnetic 
field. The narrowing seemed to be all on one side, but it was thought 
probable that the band was shifted, the shift of one edge being hidden 
by an emission band from the source of light at this point. This is 
shown in Fig. 4. Toavoid this band, the spectrum was photographed 
by means of a Nernst lamp. The time of exposure was, however, 
so much increased that a strong field could not be used. A satisfactory 
photograph free from emission lines was finally obtained by making 
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use of the scheme devised by C. F. Lorenz," the intensity of an acetylene 
flame being increased by passing an electric discharge through it. 
This photograph is shown in Fig. 5. It now appeared as though 
there was an unsymmetrical shift of the band, but upon close examina- 
tion the band proved to have two distinct maxima. Under the influ- 
ence of the magnetic field, the one at A 4482.2 became broader and 
was shifted toward the red end of the spectrum by approximately 
0.8 A. U. for a field-strength of about 25,000 units. The other 
component of this band became broader in the magnetic field but 
retained its position. 

The band at A 4562.6 becomes somewhat broader and shifts 
slightly toward the violet side. The remaining bands of this group 
are all more or less broadened in the magnetic field. 

Erbium oxide. Case II.—The lines of force of the magnetic field 
parallel to the beam of light. 

The spectra produced under these conditions showed the same 
changes as those obtained when the field was perpendicular to the 
beam of light. The same bands as before became broader and the 
same bands were shifted from their original position. 

No positive evidence of displacements in opposite directions of the 
two components of a band corresponding to opposite circular vibra- 
tions could be detected. To test the bands for circular polarization, 
the quarter-wave plate and a Nicol prism were placed before the slit 
and so oriented that if the edges of the band were circularly polarized 
one of them would be cut off. If, now, the direction of the field were 
reversed, the direction of polarization should change also, and the 
other edge of the band should appear, the first one being now cut off. 
No change of position of the bands resulted in this experiment. 

It was thought that if plane-polarized light were used in the inci- 
dent beam, there might still be some trace of polarization left in the 
diffusely reflected light, so that it might be possible to observe the 
effect noticed by Becquerel and ascribed to magnetic rotatory polariza- 
tion, that is, the broadening of the bands due to negative electrons and 
the corresponding narrowing of the bands due to positive electrons, 
in the same spectrum. This was accordingly tried, but the photographs 
showed the same effect in all cases as when ordinary light was used. 


t Physikalische Zeitschrift, 8, 20, 1907. 
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Neodymium oxide.—The bands for this substance were in general 
broader and not so sharply defined as in the case of erbium oxide. 


ERBIUM OXIDE 


A Nature of Band Effect 
4482.2 Wide and intense Broadens and shifts to red 
4491.3 Wide and intense Broadens 
4510.5 Wide and intense Broadens slightly; shifts to violet 
4541.9 Narrow and intense Broadens 
4554-1 Narrow and faint Broadens 
4562.6 Broad and intense Broadens and shifts to violet 
4571.8 Broad; hazy Broadens 
4579-1 Broad; hazy Broadens 
4006. 5 Narrow and faint Broadens 
4625.9 Broad and faint Broadens 
5197.0 Broad; sharp Broadens 
5205.5 Broad; sharp Broadens 
5212 Narrow; faint Becomes very faint or disappears 
5216.5 Narrow; faint Becomes very faint or disappears 
5232 Narrow; faint Becomes very faint or disappears 
5242.2 Narrow and intense Broadens very much 
5250.0 Broad and faint Not affected 
5261.0 Broad and faint Broadened 
5268.8 Broad and faint Becomes very faint and disappears 
5387-7 Broad and faint Broadens 
6430.0 Broad and faint Broadens 
6476 Broad and faint | Broadens 
6496 Broad and very hazy Broadens 
6524 Broad and very hazy | Broadens unsymmetrically to violet 
6538 Broad and very hazy | Broadens 
6546 Broad and distinct | Broadens 
6562 Broad and distinct Broadens 
6581 Broad and hazy Broadens 
6598 Broad and hazy Broadens 
6617 Broad and distinct Broadens unsymmetrically to red 
6630 Broad and hazy Not affected 
6652 Broad and hazy | Broadens 
NEODYMIUM OXIDE 
A Nature of Band Effect 
4375-2 Narrow; faint | Broadens 
5355 Broad; dark Broadens 
5379 Broad; dark Broadens 
5403 Narrow; dark Broadens 
5853 Broad; edges hazy Broadens 
5902 Very broad; edges hazy Broadens 
6103 Very broad; edges hazy Broadens 
6148 Very broad; edges hazy Broadens 
6197 | Broad; edges hazy | Broadens 


| 
> 
4 


EFFECT OF FIELD ON ABSORPTION SPECTRA 395 


The same experiments were carried out, but no new effects were 
observed. The general result of placing the substance in the magnetic 
field was to broaden the bands. None of these was observed to 
shift. It was noticed in the course of the investigation that the oxides 
of erbium and of neodymium are quite strongly magnetic. If not 
securely fastened, the reflecting plates were drawn into the strongest 
parts of the field, thus shifting the light from the slit or getting out of 
focus. A rod of the oxide, when suspended in the field so that it 
could rotate, placed itself parallel to the lines of force. 

A tabie of the bands observed, their wave-lengths and appearance, 
and the effect of the magnetic field upon them is appended. 


DISCUSSION OF RESULTS 


It is known that the position of the absorption bands of an element 
is different for different compounds of the same element, and that it 
changes with temperature, concentration of solution, etc. The bands 
found for the erbium and neodymium oxides were quite different from 
those studied in crystals by Becquerel, and it was difficult to compare 
effects in the two cases. Becquerel gives the position of bands which 
gave him a large value of e/m for positive electrons as A 5206. 5, 
A 5211.3, 45236.6, A5245.8, 46474.0, A6505.6, and 6542.5 for 
the erbium compounds. The bands obtained with the oxides in these 
neighborhoods were carefully examined, but no difference could be 
found between these and the others. He gives the band at A 6571.6 
as displaced toward the red end of the spectrum. In this neighbor- 
hood the band at A 6617 for the oxide was also displaced toward 
the red. 

As was pointed out by Page (loc. cit.) when the resistance to vibra- 
tions of electrons is great, the bands will be comparatively wide and 
the effect of the magnetic field will be to broaden them, the components 
overlapping each other. But even the narrow bands showed no com- 
plete separation of their components in this investigation. 

The fact that no positive evidence of circular polarization could 
be detected may be explained by the fact that the light in order to 
show absorption bands must penetrate a thin layer of the reflecting 
substance. In its passage through this layer the light will change 
its direction from particle to particle, being at times more or less paral- 
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lel to the direction of the negative field, at times perpendicular to this 
field. Apparently the broadening of the bands due to the absorbing 
electrons when the path is perpendicular to the lines of force is suffi- 
ciently great to mask the effect when the light is parallel to the field, 
so that we see the broadening of the bands in all cases. 

The unsymmetrical broadening of some of the bands in opposite 
directions may be really due to the fact that certain bands are much 
more affected by the magnetic field than others. If, for instance, a 
band is really double, the components lying so close together that they 
cannot be seen separately, and if one of these is much more affected 
than‘the other in a magnetic field, the broadening of this component 
will make the band as a whole appear to be broader and shifted in the © 
direction of this component. The direction in which this apparent 
shift takes place will then depend upon which of the two component 
bands is the more broadened by the magnetic field. 


SUMMARY 


As a result of this investigation upon erbium and neodymium oxide, 
it may be stated that the absorption spectra obtained by reflection 
from these substances show the following effects in the magnetic 
field, for the temperature and field-strengths used: 

1. Practically no difference was observed between the two spectra 
obtained, first with the light parallel to the field and secondly with the 
light and field perpendicular to each other. 

2. Certain bands are not affected by the magnetic field. 

3. Other bands appear to be shifted from their original positions, 
some toward the red, others toward the violet end of the spectrum. 

4. Certain bands become broader in the magnetic field, the 
increased width appearing to be greater in the case of vibrations per- 
pendicular to the field than for vibrations parallel to the field. This 
difference in width may be partly accounted for by the fact that one 
spectrum is denser than the other, which is probably due to polariza- 
tion by the grating. 

5. A number of bands were found to be unsymmetrically broad- 
ened, the broadening being in some cases greatest toward the red end 
of the spectrum, in other cases toward the violet end. 
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6. The intensity of the bands is altered in the magnetic field; some 
of them actually disappearing. 

7. The oxides of both erbium and neodymium are paramagnetic. 

In conclusion, I wish to thank Professor J. S. Ames, under whom 
this work was carried out, for his unfailing interest and advice during 
its progress. My thanks are also due to Dr. S. W. Stratton for the 
loan of the du Bois magnet. 
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MINOR CONTRIBUTIONS AND NOTES 


CORRECTION TO PROFESSOR KAPTEYN’S ARTICLE 
IN THE NOVEMBER NUMBER 


In the footnote on page 285 of my paper “On the Absorption of 
Light in Space” in the November number of this Journal occur the 
following words: 

An objection may be raised against both formulae (2) and (3). In the 
absence of data for the individual values of M and A in equation (4) we may 
expect good results if we introduce values which are correct on the average. 
Now, however, if * be the average parallax of a certain class of stars, then A, 
computed by (3), will mot generally be the average distance, nor will AJ com- 
puted by (2) be the average absolute magnitude. Owing to the relative smallness 
of the deviations of the real parallaxes from those computed by our table (cf. 
Groningen Publications, No. 8, pp. 20-23), this objection cannot be considered 
as very serious, however. 

The supposition made turns out to be sensibly in error. The 
passage referred to (Groningen Publications, No. 8, p. 21) contains 
all the data necessary to transform Table G (/.c., p. 31), giving 
average parallaxes, into a table giving average distances. For, 
according to the data there given, we have: Probability that the 
parallax is contained between the limits 7 and 7+ dz 


2 
hp. —h 


d 
V 3.1416 
where 
»=modulus of the Naperian logarithms, 
jp 47694 
p 


By the aid of this probability, there is not the slightest difficulty 
in deriving both the average parallax 7 and the average distance 
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R=average value of 
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We thus find 


Now we have (/.c., p. 23) 
p=0.19; consequently h=2. 510. 
Therefore 
I 
(a) R=1 = 
whereas we assumed 
(6) R=——- 
1o7T 

The distances adopted for our individual stars have, therefore, to 
be multiplied by 1.523. . 

The averages for our different groups (included within determined 
limits of proper motion) have further to be increased for the same 
reason; which is, that the relation (b) which obtains between parallax 
and distance for an individual star is not valid for averages. Direct 
trial showed that within our groups the range of parallax is such that, 
in the mean, the factor 1.523 will have again to be increased by about 
of its amount. 

Taking the two effects together, I find that our distances have to be 
multiplied by the factor 1.71. 

The consequence is that the value brought out for the selective 
absorption must be divided by this number. Our final result (p. 316 
of this volume) is therefore to be replaced by the following: 


d= +0,0031+0.0006 Mag. 
J. C. 


GRONINGEN 
November 1909 
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ERRORS IN WAVE-LENGTHS PUBLISHED BY COOPER 
IN THIS JOURNAL 


I published in this Journal for June 1909 a paper entitled “ Meas- 
urements of Wave-Lengths of the Spark Spectra of Chromium and 
Calcium: Also of the Arc Spectra of Cerium and Thorium: To- 
gether with a Study of the Possible Influence of Variations of Current, 
Capacity, etc., in the Spark Circuit,’ which gave the results of an 
investigation carried on in the physical laboratory of the Johns 
Hopkins University. Much to my regret, I have had called to my 
attention an error in my method of calculation, which affects some of 
my results. No value can be attached to the wave-lengths which I ' 
gave for cerium and thorium, or to the wave-lengths of calcium 
between the lines A 2208.82 and A 2994.960, or to the wave-lengths of 
chromium between the lines A 2132.749 and A 3875.257. 

I wish to add that the wave-lengths which in my opinion are 
trustworthy were all calculated while I was still in residence at the 
Johns Hopkins University, using the well-known methods practiced 
in the physical laboratory of that institution. I was compelled by 
circumstances to leave there before completing my calculations, and 
the rest of my work I did elsewhere on my own responsibility. When 
Professor Ames gave his consent to the publication of my paper as 
a contribution from his laboratory, he had every reason to believe 
that my last calculations were made following his method, because I 
failed to call his attention to the fact that I had used another. 

It is my intention to make a recalculation of the wave-lengths at 


as early a date as possible. 
FRANK L. COOPER 


ERRATA 


Vol. 30, November 1909, in M. Fabry’s note “On the Size of Meteors’’: 
Page 319, line 22, for 24.5 mm, read 5.4mm. 
Page 319, footnote 2, for luminosity read illumination. 
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“the history of the world is the history of its great men,” the authors—J. and J. S. C. Abbott—have 
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interest is so intense, the reader is carried so swiftly from one striking event to another, that one is 
held under the spell of its masterly description from the first page to the last. To every member of 
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The University of Chicago Press 


The American Newspaper. By James Edward Rogers. 
228 pages, 16mo, cloth; net $1.00, postpaid $1.10 


Histories of journalism are few, and most of those that we 
have are out of date, for the modern newspaper changes rapidly. 
The newspaper of today is vastly different from that published 
twenty yearsago. ‘There are a few books dealing with the history 
of journalism in the different countries of Europe, but these 
were written some twenty or thirty years ago and in no way 
foreshadow the modern growth of the press. The story of the 
modern American newspaper is yet to be told; practically 
nothing has been written of the recent wonderful development 
of the modern press, especially along financial and mechanical 
lines. This is the field of Mr. Rogers’ original and illuminating 
book. 

Philadelphia Ledger. While the work in its conclusions is a cold, dispassionate 


survey of the subject, it contains chapters that are aglow with the romance 
of journalism. 


San Francisco Chronicle. A good book. Its first sentence rivets the inter- 
est, which never slackens until the last page is turned. 


A Modern City: Providence, Rhode Island, and Its Activities. 
Edited by William Kirk, Assistant Professor of Political 
Economy in Brown University. 


Illustrated, 374 pages, 8vo, cloth; net $2.50, postpaid $2.70 


A Modern City is a large and handsome volume describing 
Providence from various points of view. Each chapter is the 
work of an expert who is also a citizen of the place. For the 
sociological study which has received so strong an impetus in our 
day, nothing more apt can be imagined than this thoughtful, 
illuminating book. And for those who are not sociologists, but 
who take an intelligent interest in the welfare of our cities, the 
volume will have a value and a charm quite unique. 
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Source Book for Social Origins. Psychological Stand point, 
Ethnological Materials, Classified and Annotated Bibliographies 
jor the Interpretation of Savage Society. By William I. 
Thomas, Associate Projessor of Sociology in the University 
of Chicago. 


940 pages, 8vo, full buckram, gold ornamented, sewn on tape; net $4.50, postpaid $4.77. 


The work is divided into seven parts: 1. External Environ- 
ment (Anthropogeography and Primitive Economics); 2. Primi- 
tive Mind and Education; 3. Early Marriage; 4. Invention 
and Technology; 5. Art, Ornament, and Decoration; 6. Magic, 


Religion, Ritual, and Ceremonial; 7. Social Organization, - 


Morality, and the State. The papers forming the body of the 
book are by such eminent modern anthropologists as Boas 
Tyler, Westermarck, Spencer and Gillen, Haddon, and Rivers. 
The author has an introductory chapter on the standpoint from 
which the materials are to be viewed, and critical comments in 
connection with each part. 

The bibliographies are the chief feature of the book. Seven 
such lists accompany the seven parts, and there is a final bibliog- 
raphy arranged by races. The bibliographies amount to about 
111 pages. ‘The titles are numbered to facilitate reference in class, 
the more important titles are starred, and there are critical remarks 
on important books. 


The Cameralists: The Pioneers of German Social Polity. By 
Albion W. Small, Professor and Head of the Department of 
Sociology in the University of Chicago. 


632 pages, 12mo, cloth; net $3.00, postpaid $3.18 


The cameralists were a series of German writers from the 
middle of the sixteenth to the end of the eighteenth century, who 
approached civic problems from a common viewpoint. To the 
cameralists the central problem of science was the problem of the 
state. ‘To them the object of all social theory was to show how 
the welfare of the state might be secured. Their key to the 
welfare of the state was revenue to supply the needs of the state. 
In this volume there is given to readers of English the first 
reliable and detailed account of the cameralistic school. 
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Modern Constitutions. By Walter Fairleigh Dodd, of Johns 
Hopkins University. 


Two vols., 724 pages, 8vo, cloth; net $5.00, domestic express 42 cents 


This work contains the texts, in English translation where 
English is not the original language, of the constitutions or fun- 
damental laws of the Argentine nation, Australia, Austria~-Hun- 
gary, Belgium, Brazil, Canada, Chile, Denmark, France, Ger- 
many, Italy, Japan, Mexico, Netherlands, Norway, Portugal, 
Russia, Spain, Sweden, Switzerland, and the United States. 
These constitutions have not heretofore been available in any 
one English collection, and a number of them have not before 
appeared in English translation. 


The Nation. The work is well done, and it supplies conveniences for which 
students of political institutions will be grateful. 


World To-Day. One of the most important collections of historical docu- 
ments which has appeared of late. Indispensable for libraries and 
students of politics. 


University of Pennsylvania Law Review. He has succeeded remarkably 
well in finding English equivalents for the technical political words of 
other languages. 


Primary Elections. By C. Edward Merriam, Associate Professor 
of Political Science in the University of Chicago. 


300 pages, 12mo, cloth; net $1.25, postpaid $1.35 


The purpose of this volume is to trace the development of 
the legal regulation of party primaries from 1866 down to 1908, 
to sum up the general tendencies evident in this movement, to 
discuss some of the disputed points in the primary problem, and 
to state certain conclusions in regard to our nominating machinery. 
The subject is one of wide interest, and no adequate presentation 
of it has previously been made. 


Springfield Republican. A work of much value. 


Yale Review. Those who desire the latest and best treatment of the subject 
should read this little book. 


American Historical Review. An indispensable work for reference. 
Buffalo Express. A very good book for New Yorkers to read. 
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Industrial Insurance in the United States. By Charles Richmond 
Henderson, Professor of Sociology in the University of Chicago. 


448 pages, 8vo, cloth; net $2.00, postpaid $2.19 


This is the first authoritative treatment of a much-discussed 
question. The introduction contains a summary of the European 
laws on workingmen’s insurance; the text describes the various 
forms of social insurance known in the United States and Canada. 
Illustrations of the movement are given in chapters on municipal 
pension plans for policemen, firemen, and teachers; also the 
military pensions of the federal government and southern states. 
The appendix supplies bibliography, forms used by firms and 
corporations, text of bills, and laws on the subject. . 


Chicago Tribune. Industrial Insurance comes at a most opportune time. 


World To-Day. No man in our country is doing more for the scientific pres- 
entation of social service than Professor Henderson. 


Standard. No one who desires to be informed on this subject, which bids 
fair to become a burning political issue, can afford to be without this 
valuable work. 


The Armenian Awakening. By Leon Arpee. 
240 pages, 12mo, cloth; net $1.25, postpaid, $1. 36 


Beginning with the “Dark Ages” of Armenian history, the 
author traces the religious attitude and the struggles of this people 
from the time of the introduction of Christianity into their midst 
by Gregory the Illuminator. As he tells us, tradition represents 
the apostles Thaddeus and Bartholomew as having labored among 
them; so that while the Greek church prides itself on its orthodoxy, 
and the Roman church on its catholicity, the Armenian church 
prides itself on its apostolicity. 

It is a matter of common knowledge to all who’are familiar 
with the Armenian struggle for religious freedom, that political 
forces have been a strong factor in the persecution to which this 
people has been periodically subjected. All the sidelights which 
the condition of European politics could throw on the situation 
have been employed by the author, and his sympathetic treatment 
leaves the reader with a clear understanding of the various motives 
for the frequent outbreaks against the Armenians, which have 
aroused the Christian world. 
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The Wars of Religion in France, 1559-1576: The Huguenots, 
Catherine de Medici, and Philip the Second. By James 
Westfall Thompson, Associate Professor of European History 
in the University of Chicago. 


Illustrated, 666 pages, 8vo, cloth; net $4.50, postpaid $4.84 


Our interpretation of the sixteenth century has been pro- 
foundly changed by the recent progress in economic history, 
and Professor Thompson is the first to apply its results to this 
period in France. In the matter of industrial history, the influ- 
ence of the failure of crops, and the disintegration of society as 
the result of war and plague, the book makes decidedly new 
contributions to the history of the Huguenot movement. 


World To-Day.> The Wars of Religion’in France’ is an elaborate work, but it 
is farthest possible from the mere perfunctory gathering together of 
sources. Professor Thompson writes in an easy style, and his story 
of the events leading up to Saint Bartholomew’s Day from the early days 
of the Huguenot revolt, is well balanced and essentially readable. 


Baltimore News. Learned and interesting. 


Biblical Ideas of Atonement: Their History and Significance. By 
Ernest DeWitt Burton, John Merlin Powis Smith, and Gerald 
Birney Smith. 


338 pages, 12mo, cloth; net $1.00, postpaid $1.11 


This book sets forth the content of the biblical teachings upon 
the subject of Atonement, and suggests the point of view from 
which these conceptions may profitably be studied at the present 
day. The attitude assumed toward the records throughout is 
that of historical interpretation rather than of theological systema- 
tization. Consequently the effort is to discover precisely what 
ideas of atonement are reflected by the biblical laws, institutions, 
and utterances. 

The authors employ the historical method throughout. To 
trace the history of an idea is to discover the forces that have 
co-operated to produce it and to transform it from age to age. 
The history of the idea is thus its best explanation. Yet as many 
readers will desire some indication of the value of those teachings 
for the present day, the closing section of the book (chaps. xii, 
xiii) is devoted to this aspect of the matter. 
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THE UNIVERSITY OF CHICAGO PRESS 


Studies in Galilee. By Ernest W. Gurney Masterman. 


Profusely illustrated, 170 pages, 8vo, cloth; net $1.00, postpaid $1. 12 


Besides the Memoir of the Survey under the Palestine Explora- 
tion Fund, and the relevant chapters in works dealing with the 
whole country, several learned monographs have been written in 
English and German upon the geography, the history, the archae- 
ology, and the present dialect of Galilee. Among these Dr. 
Masterman’s book will take a place of its own. It furnishes 
fresh and notable contributions to our knowledge of this famous 
region. It is richly stored with facts; it is lucidly written; and 
cannot fail to prove alike valuable to the expert and interesting to. 
the ordinary reader. Dr. Masterman has labored for sixteen or 
seventeen years in the East and studied the land and the people 
minutely. His numerous papers in journals devoted to the his- 
tory or the geography of the Holy Land prove his acquaintance 
with the literature, ancient and modern, and have been largely 
used by experts. Very few know the recent history of the land 
or the life of the people like himself. 


Researches in Biblical Archaeology, Volume II: The Historic 
Exodus. By Olaf A. Toffteen, Professor of Semitic Languages 
and Old Testament Literature in the Western Theological Semi- 
nary. Published by the University of Chicago Press for the 
Oriental Society of that institution. 


360 pages, 8vo, cloth; net $2.50, postpaid $2.72 


This volume deals with the historicity of the biblical story of 
the Exodus. In order to set this forth, the author enters into a 
serious examination of the evolutionary hypothesis of modern 
higher criticism, and then appeals to the monuments, in the light 
of which the Exodus is studied. 

New viewpoints and interpretations, ingenious suggestions, 
and a fascinating reconstruction of the history of the time appear 
on almost every page. 

As the book is written in popular style, easy to grasp at every 
point, even by the layman who may not be versed in technicalities 
of this kind, it is eminently adapted alike for the religious reader 
and the student of history. 
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THE UNIVERSITY OF CHICAGO PRESS 


Christ and the Eastern Soul: The Witness of the Oriental Con- 
sciousness to Jesus Christ. Lectures Delivered on the Barrows 
Foundation in India, Ceylon, and Japan. By the late Charles 
Cuthbert Hall. 


250 pages, 8vo, cloth; net $1.25, postpaid $1.37 


The task undertaken is to show the best elements in oriental 
religion, and to point out in just what way they may contribute to 
Christianity. Analyzing the oriental consciousness, Dr. Hall 
finds four great elements of strength, which he defines as the 
Contemplative Life, the Presence of the Unseen, Aspiration toward 
Ultimate Being, and Reverence for Sanctions of the Past. He 
shows wherein Christianity may become more vital through the 
introduction of certain mystic strains, and oriental mysticism 
more virile by knowledge of the personal God of the Western 
World. 


Christian Evangelist. One knows not which to admire most, the author’s 
literary skill, his power of drawing delicate distinctions, his masterly 
grasp of the history of Christian thought, or his profound faith and 
reverent spirit. 


Westminster. His vision ought to make every humblest helper in the foreign 
missionary cause to lift up his heart and sing for joy. 


The Religious Attitude and Life in Islam: The Haskell Lectures 
on Comparative Religion Delivered before the University of 
Chicago in 1906. By Duncan Black MacDonald, Professor 
of Semitic Languages in Hartford Theological Seminary. 


330 pages, 12mo, cloth; net $1.75, postpaid $1.88 


It is universally conceded that the formal theology of a people 
is not a safe index to its real religious life. The theology of Islam 
is treated in a host of volumes, but, singularly enough, no other 
author of the present generation has even attempted to depict for 
occidentals the Moslem religion as a fact in the daily conscious- 
ness of its followers. 


The Nation. We are indebted to Professor MacDonald for a valuable exposi- 
tion of one phase of Moslem thought. 


Hartford Times. Singularly lucid and entertaining. 
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THE UNIVERSITY OF CHICAGO PRESS 


The Function of Religion in Man’s Struggle for Existence. By 
George Burman Foster, Professor of the Philosophy of Religion 
in the University of Chicago. 

316 pages, 16mo, cloth; net $1.00, postpaid $1.10 


Tracing the development of religion through its successive 
stages, and expounding the various theories as to its origin—in 
ancestor worship, in general revelation, or in special revelation— 
our author points out the ultimate facts beneath the changing 
forms. ‘In a world strewn with dead gods, the question is 
whether modern humanity has, like the ancient, that religious 
need and capacity from which the bright consummate flower 


of the divine can grow.” The author declares that dogmatic and ° 


scientific proof of deity have failed, and accordingly seeks to lead 
us back to knowledge which is purely experiential, and therefore, 
most valid. 

New York Evening Post. Demanding that the religious situation be faced 


with pitiless veracity, he has lived up to his own command, if candor and 
the free use of modern knowledge measure intellectual honesty at all. 


John Vance Cheney in the “San Francisco Examiner.” Our author is the 
champion of the religion-to-be. This is his offense; this and no more. 


The Teaching of Jesus about the Future According to the Synoptic 
Gospels. By Henry Burton Sharman, Instructor in New 
Testament History and Interpretation in the University of 
Chicago. 

398 pages, 8vo, cloth; net $3.00, postpaid $3. 26 
The contemporaries of Jesus had a very definite body of ideas 
about the future. Did Jesus share these ideas, or did he dis- 
regard the prevalent notions and elaborate a new set of concep- 
tions? Did he consider the Kingdom as something imminent, or 
as something with a distant future, when he himself was to appear 

as Judge? Did he assume that man is immortal, and are the vivid 

sketches of eternal torment from hismouth? These are questions 

upon which the author believes decision is not impossible. 


Congregationalist. A thorough and scholarly analysis of the Synoptic Gospels, 
which presents some important conclusions. 

Interior. His book contains elements of excellence which will place it among 
the indispensable works for future study on the subject. 
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THE UNIVERSITY OF CHICAGO PRESS 


The Child and His Religion. By George E. Dawson, of the 
Hartford School of Religious Pedagogy. 


130 pages, 16mo, cloth; net 75 cents, postpaid 82 cents 


The aim of the book is to suggest the principal elements in 
the child’s religious nature and training. The first chapter treats 
of interest as the fundamental dynamic factor in life and growth. 
The second chapter considers the child’s natural religious reac- 
tions to its environing world as modes of such interest. The 
third chapter gives the results of an inductive study of children’s 
interest in the Bible. And the fourth chapter applies the prin- 
ciples thus brought to light to the general problem of religious 
education. 

The book is not a systematic treatise on the psychology of the 
child nor on religious education. It is believed, however, that 
it presents many essential principles that have not elsewhere 
been so fully worked out. Its subject-matter is the outgrowth of 
many years’ investigation of the religious life of the child. 


The Psychology of Prayer. By Anna Louise Strong. 


120 pages, 16mo, cloth; net 75 cents, postpaid 83 cents 


Does prayer justify itself? Who has not pondered this 
question? In her monograph Miss Strong makes an exhaustive 
examination of the psychological processes involved in prayer. 
To answer the question propounded above in terms of her own 
conclusions is no part of her design: instead she presents an 
analysis of the operations of the human consciousness from which 
we may draw our own conclusions. For instance, the confidence 
engendered by a prayer for health itself leads to health; in like 
manner, prayer as a form of suggestion assists in the shaking-off 
of disease; but she does not attempt to say whether in other 
ways prayer may be efficacious. 


Review and Expositor. Miss Strong has given us in her monograph a fine 
example in applying to the more complex and more vitally important 
fields of life the scientific spirit and method. 


Cumberland Presbyterian. It would be difficult to speak too highly of this 
comparatively brief study in a fascinating field. 
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THE UNIVERSITY OF CHICAGO PRESS 


CONSTRUCTIVE BIBLE STUDIES 


A series of graded textbooks for religious education in the 
Sunday school, the day school, the home, and organized classes. 


KINDERGARTEN SERIES 


The Sunday Kindergarten: Game, Gift, and Story. By Carrie S. Ferris. 
Teacher’s manual, $1.25 net; postpaid $1.40. Permanent equipment 
for each pupil, $1.00 net; postage extra. Temporary material (renewed 
each year) for each pupil, 35 cents net; postage extra. 


ELEMENTARY SERIES 


Child Religion in Song and Story. (The Childin His World.) By Georgia L. 
Chamberlin and Mary Root Kern. Teacher's manual, $1.25 net; post- 
paid $1.39. Sunday Story Reminders, pupil’s notebook, 40 cents net; 
postpaid 45 cents. 

Child Religion in Song and Story. (Walks with Jesus in His Home Country.) 
By Georgia L. Chamberlin and Mary Root Kern. Teacher's manual, 
$1.25 net; postpaid $1.40. Pupil’s notebook, 4o cents net; postpaid 

45 cents. 

An Introduction to the Bible for Teachers of Children. By Georgia L. Cham- 
berlin. Teacher's manual, $1.00 net; postpaid $1.10. The Books of the 
Bible, pupil’s notebook, 25 cents net; postpaid 30 cents. Smaller notebook, 
10 cents net; postpaid 12 cents. 

The Life of Jesus. By Herbert W. Gates. Teacher's manual, 75 cents net; 
postpaid 83 cents. Pupil’s notebook, 50 cents net; postpaid 58 cents. 


Paul of Tarsus. By Louise Warren Atkinson. (In preparation.) 
Heroes of Israel. By Theodore G. Soares. Pupil’s textbook, $1.00 net; post- 
paid $1.13. Teacher's manual (in preparation). 


SECONDARY SERIES 


The Gospel of Mark. By Ernest D. Burton. Pupil’s textbook, $1.00 net; 
postpaid $1.12. 


Studies in the First Book of Samuel. By Herbert L. Willett. Pupil’s text- 
book, $1.00 net; postpaid $1.13. 


The Life of Christ. By Isaac B. Burgess. Pupil’s textbook, $1.00 net; post- 
paid $1.12. Pupil’s notebook, 25 cents net; postage extra. 


Old Testament History and Prophecy. By Clifton D. Gray. (In preparation.) 


A Short History of Christianity in the Apostolic Age. By George H. Gilbert. 
Pupil’s textbook, $1.00 net; postpaid $1.12. 
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THE UNIVERSITY OF CHICAGO PRESS 


ADULT SERIES 


The Life of Christ. By Ernest D. Burton and Shailer Mathews. $1.00 net; 
postpaid $1.14. 

A Short History of Christianity in the Apostolic Age. By George H. Gilbert. 
$1.00 net; postpaid $1.12. 

The Prophetic Element in the Old Testament. By William R. Harper. $1.00 
net; postpaid $1.10. 

The Priestly Element in the Old Testament. By William R. Harper. $1.00 
net; postpaid $1.12. 

Christianity and Its Bible. By Henry F.Waring. $1.00 net; postpaid $1.12. 

A Short Introduction to the Gospels. By Ernest D. Burton, $1.00 net; 
postpaid $1.07. 

A Handbook of the Life of the Apostle Paul. By Ernest D. Burton. 50 cents 
net; postpaid 54 cents. 

Social Duties. By Charles Richmond Henderson: $1.25 net; postpaid $1.37. 


Great Men of the Christian Church. By Williston Walker. $1.25 net; 
postpaid $1. 37. 


AMERICAN INSTITUTE OF SACRED LITERATURE 
OUTLINE STUDIES 


The Life of the Christ. By Ernest D. Burton. 50 cents net; postpaid 54 cents. 


The Foreshadowings of the Christ. By William R. Harper. 50 cents net; 
postpaid 54 cents. 


The Founding of the Christian Church. By Ernest D. Burton. 50 cents net; 
postpaid 54 cents. 

The Work of the Old Testament Sages. By William R. Harper. 50 cents net; 
postpaid 54 cents. 


The Work of the Old Testament Priests. By William R. Harper. 50 cents 
net; postpaid 54 cents. 


The Social and Ethical Teachings of Jesus. By Shailer Mathews. 50 cents 
net; postpaid 54 cents. 


The Universal Element in the Psalter. By John M. P. Smith and Georgia L. 
Chamberlin. 50 cents net; postpaid 53 cents. 


The Book of Job, or the Problem of Human Suffering. By William R. Harper. 
25 cents net; postpaid 27 cents. 

The Four Letters of Paul. By Ernest D. Burton. 25 cents net; postpaid 27 
cents. 


The Origin and Religious Teaching of the Old Testament Books. By Georgia 
L. Chamberlin. 50 cents net; postpaid 54 cents. 
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THE UNIVERSITY OF CHICAGO PRESS 


English Poems. Selected and Edited with IJilustrative and 
Explanatory Notes and Bibliographies. By Walter C. Bron- 
son, Professor of English Literature, Brown University. 


THE ELIZABETHAN AGE AND THE PURITAN PERIOD 


So favorable has been the reception accorded The Nineteenth 
Century and The Restoration and the Eighteenth Century that the 
present volume needs little introduction. It follows the same gen- 
eral plan as its predecessors, with the added advantage of an es- 
pecially fascinating field—the most spontaneous and exuberant 
period of English poetry. 


ENGLISH POEMS 
Old and Middle English, Early Drama, and Ballads. 


In Press 


The Elizabethan Age and the Caroline Period. 
550 pages, 12mo, cloth; library edition, net $1.50, postpaid $1.66 
school edition, net $1.00, postpaid $1.15 


The Restoration and the Eighteenth Century. 
552 pages, 12mo, cloth; library edition, net $1.50, postpaid $1.66 
schoo edition, net $1.00, postpaid $1.15 


The Nineteenth Century. 
635 pages, 12mo, cloth; library edition, net $1.50, postpaid $1.68 
school edition, net $1.00, postpaid $1.15 


The Syntax of High School Latin: Statistics and Selected Examples 
Arranged under Grammatical Headings and in Order oj 
Occurrence by Fijty Collaborators. Edited by Lee Byrne, 
Central High School, St. Louis. 


56 pages, 8vo, cloth; net 75 cents, postpaid 83 cents 


The needed basis for the linguistic part of secondary Latin 
instruction, furnished, on the side of vocabulary, by Professor 
Lodge in his Vocabulary of High School Latin in 1907, is 
here supplied for syntax. The book gives statistics for the use 
of constructions in each author and, on the basis of these statistics 
suggests the natural assignment of syntax material to the various 
years of high-school work, as well as a general standard for the 
selection of the valuable and the elimination of the unimportant 


American Educational Review. This volume supplies the need of a reliable 
basis for instruction in Latin in the secondary schools, and enables the 
teacher to eliminate much of the heretofore wasted effort. 
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‘The Perr Pictures 


BEAUTIFUL FOR CHRISTMAS GIFTS 


Reproductions of the World’s Great Paintings 


Suitable for all ages 


ONE CENT each for 
25 or more. Size 514 x8. 
(6 to 10 times the size of this 
Madonna.) Send asc. for 25 
art subjects, or 25 for children 
or 25 Kittens or 25 Madon- 
nas, or $1.00 for the 4 sets, or 
for Art Set of roo pictures. 

Order To-Day. You will 
be delighted with them, Beau- 
tiful Catalogue and 2 pictures 
for two 2-cent stamps. 


The Perry Pictures Co. 
Box 501 Malden, Mass. 


The Place of Industries 
in Elementary Education 


By KATHARINE ELIZABETH DOPP 


“, . . » Wecan only wish that this book 
may have the wide-reaching influence 
that it deserves.— The Nation. 


270 pp., illustrated, net, $1.00; postpaid, $1.11 


Address Dept. P 


Chicago and New York 


The University of Chicago Press 


The Reflecting Lantern 
or Post-card Projector, in its various forms, is 
doubtless the most universally useful projection 
instrument ever invented. With ita collection of 
post-cards or engravings becomes a source of 
endless amusement and instruction. With it also 
natural specimens such as 
Flowers, Leaves, Minerals, 
Butterflies, etc., 
are shown in All the Colors of Nature 


We manufacture our Projectors to show 
Opaque Pictures and Objects 
Lantern and Microscopic Slides 


We offer thirty different styles covering every pos- 
sible requirement and ranging in price from 


$4.50 to $200.00 


We also make Magic Lanterns, Cinemato hs, and 
have 40,000 Lantern Slides for sale or rent. Lists free. 


Manufacturers and Patentees 


WILLIAMS, BROWN & EARLE, 
918 Chestnut St., Dept. 25, Philadelphia, Pa. 


The New Weston Portable Alternating Current Ammeters, 
Milli-Ammeters and Voltmeters 


will be found vastly superior in accuracy, durability, workmanship and finish to any 
other instrument intended for the same service. y are absolutely Dead Beat 
and extremely sensitive. 
quency and also of wave form. They are practically free from temperature. 

are very low in price, The performance of all these instruments will be a revelation 
to users of alternating current apparatus, Correspondence concerning these new 
Weston instruments is solicited by 


WESTON ELECTRICAL INSTRUMENT COMPANY, 
Waverly Park, Newark, N. J., U. S. A. 
New York office, 114 Liberty St. 
London Branch, Audrey House, Ely Place, Holborn 
Paris, France: E. H. 
Berlin: Weston Instrument Co., Ltd., Ritterstrasse, No. 88. 3 


Their indications are practically independent of fre- 


adiot, 12 Rue St. Georges. 


SCIENCE TEACHERS AGREE 


that the 


McINTOSH COLLEGE BENCH LANTERN 


is adapted to more lines of SCIENTIFIC 
PROJECTION than any other instrument. 
Is simple in construction and sold at a 
low price. Write for particulars 


McINTOSH STEREOPTICON COMPANY 


401-3 Atlas Block CHICAGO, ILL. 
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THE LAW OF THE RANGE 


A REALISTIC STORY OF WILD LIFE ON THE CATTLE RANGES 


By WAYNE One obtains a vivid impression of life and Splendidly Bound and 
GROVES BARROWS character in the country where law is a mat- Illustrated. Cloth, $1.50 
ter of the readiest revolver, and the author 
has drawn on a good memory for faithful 
description of scenes and incidents.—San 
Francisco Examiner. 


The story leaves one with a clear under- 
standing of the situation gained through OF 
lively interest in the men who act out the 
| rough and bloody drama. —Chicago Record- |W! THE RANGE 

Herald. 


| There is a dry humor savored with the 

alkali in the lynchings themselves and the 
trial of the bunch of cattlemen, the strat- 
agem of the sheriff and his assistant and 


WAYNE GROVES BARROWS || Similar scenes have a caustic mirth which WAYNE GROVES BARROWS 
eats like acid.—Chicago Tribune. 


BE SURE AND READ —— 


“MY SOLDIER LADY” “The Lady of the Decoration” 


By ELLA HAMILTON DuRLEY. Has special appeal to all club women. Splendidly illustrated. $1.25. 


The C. M. Clark Publishing Company, Boston, Mass. 


The Study of 
Stellar Evolution 


An account of some modern methods of 
Astrophysical Research 


By GEORGE ELLERY HALE 


The introduction of photographic methods, the improvement of telescopes, and the rapidly 
increasing appreciation Of the value to astronomy of physical instruments and processes, have 
revolutionized the observatory. From a simple observing station it has been transformed into a 
great physical laboratory, where images of the sun and stars are studied with many powerful 
instruments, and celestial phenomena are experimentally imitated with the aid of electric furnaces 
and other sources of intense heat. The result has been a great gain in our knowledge of the origin, 
development, and decay of stars. This book explains in a popular way how the life histories of the 
Sun and stars are investigated. One hundred and four half-tone plates, .nade from the best astro- 
nomical negatives, place before the reader the most recent results of celestial photography in most 
of its phases. 250 pages, 104 plates, 8vo, cloth, net $4.00, postpaid $4.27. 


ADDRESS DEPT. P 


The University of Chicago Press, Chicago and New York 


Published in Europe by William Wesley & Son, 28 Essex Street, Strand, London, Price 16s. 6d. 
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NEW FROM COVER TO COVER 
_WEBSTERS NEW INTERNATIONAL 


exceeds in con- 

venience, quantity, and 

quality, the old International as 

much as that surpassed the Unabridged. 
Editor in chief, Dr. W. T. Harris, former United States 


formation Prag Doubled. af Divided 


rtant Below. 2 Contains More Information of Inte 
People Then 


Any Other Dictionary. 


2700 Pages. 6000 Illustrations. 400,000 Words and Phrases. 


SERIES 


JUS 
ISSUED 


The Bindings are Triumphs of the Bookmakers’ Art. 


CONSIDER the NEW INTERNATIONAL when selecting your CHRISTMAS GIFTS. 
It is unquestionably the choicest holiday offering of the season. 
Invaluable for the home, school, and office. 


GET THE BEST in Scholarship, Convenience, Authority, Utility. 


Ask your bookseller for the NEW INTERNATIONAL or write for Specimen Pages to 


G. & C. MERRIAM CO., Publishers, Springfield, Mass., U. S. A. 


LANTERN SLIDES 
AND PRINTS 


Of SPECIAL INTEREST at the present time, 
from recent astronomical photographs made at 
the Yerkes Observatory, can be supplied by The 
University of Chicago Press. 


WE MENTION 


A fine Series of Photographs of COMET MORE- 
HOUSE, taken by Professor Barnard. Stereograms (on 
paper or glass) of this comet and plates of its spectrum. 

Various Photographs of HALLEY’S COMET (four 
of the early pictures, taken in September 1909, with two-foot 
reflector, are combined in one slide.) 

Photographs of SATURN and of MARS, recently ob- 
tained with the 40-inch telescope by Professor Barnard, 

Spectroheliograms of SUN-SPOTS showing vortices 
in the solar atmosphere. 

ctrograms of Rapid Spectroscopic BINARY 
STA RS 


Catalogue with appendices, referring to about 
600 Astronomical Subjects, now available, will 
be sent free on request. 


Address Dept. P 


The University of Chicago Press 
Chicago . New York 


HOME STUDY COURSES 
Over one hundred Home Study Courses 
under professors in Harvard, Brown, Cor- 
nell, and ey! colleges, 
Academic and po So» 
mercial, Normal and Service Depariments, 
Service Examinations. 
250 page catalogue free. Write to-day. 
£.G The Home es ence 
Dept. 250. SPRINGFIELD, MASS. 12 


OFFER Many Standard Reference 
Wiecors and good editions of standard 
authors at 25 to 50 per cent discount. 
We guarantee all books to Give Satisfaction. 


Send for Our Catalog 


THE H. R. HUNTTING CO., Inc. 


Springfield Massachusetts 12 


For Sar 
Objective, 21-foot 6-inch focus. Very 
fine. Will consider an offer to ex- 
change for a Clark or Brashear 


Brashear 


Objective of less aperture completely 
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S. N. SMITH 


Address, Glenside, Pa. 
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While the Fireman Swings His Ax 


is no time to begin to wonder if your insurance is all right. You should know ] 
now. Don't put off a day looking up your policies. If they are 

in the Hartford don’t worry. For 99 years it has promptly oe 
paid every honest loss. If not in the Hartford and 

they are to expire soon—as a reminder just 


make a note on the margin like this yw ye 


The "Hartford" insures all classes of property. It also serves property owners by telling them how 
to guard against the dangers of fire. It has published a book on the subject, with separate chapters 
for householders, merchants, and manufacturers, that will be sent free to those who apply for it. 


Reserve for all Liabilities 13,171,224 


To secure a "Hartford" Policy or the book referred to above, apply to the 


Hartford Fire Insurance Company 


Agents Everywhere Hartford, Connecticut 
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Headache 


The use of Horsford's Acid 
Phosphate is especially recom- 
mended in the relief of Nervous- 
ness and Headache caused by im- 
paired digestion, prolonged wake- 
fulness or overwork. It acts as a 

' general tonic and vitalizer, pro- 
moting digestion and restoring 
the nervous system to healthful 
vigor. 

Horsford’s Acid Phosphate is 
agreeable to the taste and is the 
same phosphate that occurs in 
wheat and other cereals. 


HORSFORD’S 
Acid Phosphate 


(Non-Alcobolic.) 


PENCERIAN 
TEEL PENS 
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CORRES- 
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WRITING. 


ENGROSSING. 


ANGLLAR PEN 


Select a Pen to Suit Your 
Handwriting 
from a sample card of 12 pens sent on 
receipt of 6 cents in postage 


SPENCERIAN PEN CoO. 
349 Broadway NEW YORE 
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It is the only Powder that has the scent of 

h cut Parma Violets. 
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Guaranteed by the Gerhard Mennen Compan 
under ‘the Pure Food and Drugs Act, June 0, 
1906. Serial 1542. 
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Intending purchasers 
of a strictly first- 


class Piano 
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not fail 
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THE WORLD RENOWNED 


It is the special favorite of the refined and 
cultured musical public on account of its unsur- 
passed tone-quality, unequaled durability, ele- 
gance of design and finish. Catalogue mailed 
on application. 


THE SOHMER-CECILIAN PLAYER 
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: The Interpretation of Italy During the Last Two Centuries 
A Contribution to Goethe’s Italienische Reise 

By CAMILLO VON KLENZE, Professor of German Literature in Brown University 


HE aim of this investigation is to study the attitude toward 
Italy taken by the eighteenth and nineteenth centuries with 
a view to determining, not merely what those generations 
saw or failed to see in the peninsula, but in how far Goethe’s 
Italienische Retse—a book the value of which has been so vari- 
ously estimated—shows dependence on the preferences and 
prejudices of its time, and furthermore how far, if at all, Goethe 
goes beyond his contemporaries. In this fashion the author 
7 hopes to eliminate from our judgment of this famous work that 
og element of shifting subjectivity which has so often prevailed. 
& The author’s extensive researches in European libraries have 
unearthed many volumes little known to scholars. 
174 pages, 8vo, cloth. Net $1.50, postpaid $1.62 


ADDRESS DEPT. P 


THE UNIVERSITY OF CHICAGO PRESS 
CHICAGO NEW YORK 


The Silver Age of the Greek World 


Re students of ancient life and thought, Professor Mahaffy’s scholarly volumes on 

the history of Greek civilization need no introduction. For this particular 
period, no modern authority ranks above him in the estimation of scholars. Indeed, 
in the minds of thousands of readers, the ancient world is a world recreated by this 
delightful writer—a world with a clear air and a serene sky. The subtle charm of 
his style will be found to have in no wise diminished in this, his latest book. 


The author’s purpose is well stated in the following extract from the preface: | 


“This book is intended to replace my Greek World under Roman Sway, now out of 
print, in a maturer and better form, and with much new material superadded. There 
has grown up, since its appearance, a wider and more intelligent view of Greek life, 
and people are not satisfied with knowing the Golden Age only, without caring for 
what came before and followed after. In this Silver Age of Hellenism many splendid 
things were produced, and the world was moulded by the teaching which went out 
from Greek lands. If this teaching diminished in quality, it certainly increased 
greatly in influence, and led its higher pupils back to the great masters of the 
earlier age.” 

485 pages, small Sbo, cloth: net $3.00. Postpaid $3.17 
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The most popular pens are 


ESTERBROOK 


MADE IN 150 STYLES 


Fine Points, A1, 128, 333 
Business, 048, 14, 130 
Broad Points, 312, 313, 314 
Turned-up Points,477 
531, 1876 


Esterbrook Steel Pen Mfg. Go. 


Works: Camden, N.J. 26 John St., N. Y. 


BILLING 


on the 


Remington 


means more than billing on any other ma- 
chine, because it means the absolute comple- 
tion of the bill—items, additions, deductions, 
totals—everything: and as many copies as 


No. 11 Remington Billing Typewriter 


Remington Typewriter Co. 


(Incorporated) 
New York and Everywhere 


GENERAL SOCIOLOGY 


An Exposition of the Main Development 
in Sociological Theory, from Spencer 
to Ratzenhofer 


By ALBION W. SMALL 


Professor and Head of the Department of Sociol- 
ogy in the University of Chicago 


[IN this important book Professor Small brings his 
wide reading and keen analytical powers to bear 
on the history of sociology and its present claims to 
be regarded as a science. These claims have often 
been disputed, on the ground that the material of 
sociology has already been pre-empted by the recog- 
nized social sciences—ethnology, history, economics, 
etc. Professor Small’s answer is that the work of 
co-ordinating these various groups, of surveying the 
process of human association as a whole, is a task 
distinct from that of a worker in one of the special 
fields, and that the body of knowledge so gained 
legitimately ranks as a science. In other words, 
sociology ts to social science in general what neu- 
rology is to medicine. It is addressed to historians, 
economists, political scientists, psychologists, and 
moralists, quite as much as to sociologists. 


xtv+739 pp., 8vo, cloth, net, $4.00; postpaid, $4.27. 
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The University of Chicago Press 


CHICAGO AND NEW YORK 


FINE INKS ADHESIVES 
For those who KNOW 


Drawing Inks 
Eternal Writing Ink 
Engrossing Ink 
Taurine Muci 

Photo Mounter 
Drawing Board Paste 
Li aste 


Vegetable Glue, Etc. 
Are the Finest and Best Inks and Adhesives 


Emancipate yourself from the use of corrosive and 
ill-smelling inks and adhesives and adopt the Hig- 
gins Inks and Adhesives. They will be a 
revelation to you, they are so sweet, clean, 

put up, and witha! so efficient, 


At Dealers Generally. 


CHAS. M. HIGGINS & CO., Mfrs. 
Branches: Chicago, London 


271 Ninth Street. Brooklyn, N. ¥. 
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DENTACURA 


Tooth Paste 


Cleanses the teeth, hardens the gums, and 
perfumes the breath. It differs from the ordi- 
nary dentifrice by destroying the harmful bac- 
teria in the mouth, thus minimizing the causes 
of decay. Endorsed by thousands of dentists. 
In tubes, deliciously flavored and a delightful 
adjunct to the dental toilet. Sample and 
literature free. 


Dentacura Tooth Powder 


is now offered to those who prefer a denti- 
frice in form of powder. For sale at best 
stores everywhere or direct. 


The Crucible 
of Time 
both refines and tests. Dixon’s wm 
American Graphite Pencils have 
been perfected through vears of ex- 
perience, and tested by years of @ 


use. Writers, draughtsmen, stu-; 
dents, accountants, find thatg 
Dixon’s Pencils@ 
best serve their pencil needs, Am 
and measure all other pencils @ | 
by the Dixon standard. For® 
A whatever work pencils are 
4used the best pencils to useg 
Raare Dixon’s. 
If your dealer doesn’t keep them, Am 
send l6c. for samples worth 
double the money. i 
Joseph Dixon Crucible Co., 
ersey City, N.J. a 


Price 25 cents for either 
Dentacura Company, 265 Alling St., 
Newark, N. J. 


SEX AND SOCIETY 


By WILLIAM I. THOMAS 


TS volume approaches the question of woman and her position in society 
from a new standpoint. It recognizes that sex is a fundamental factor in 

the origin and development of social institutions and occupational activi- 
ties, and that a number of social forms and forces are of sexual origin. 

After a preliminary paper in which the organic differences of the two sexes 
are analyzed, there follows a series of studies on the relation of sex to social 
feeling and stimulation, and the influence of sex in securing a system of social 
control; the psychology of the maternal system of tribal organization; sex asa 
factor in the differentiation of occupations in early society, and the relation of 
woman to early industry and invention; the relation of sex to the origin of moral- 
ity; the origin of exogamy; the origin and psychology of modesty and clothing. 

In the last two papers, on “The Adventitious Character of Woman” and 
“The Mind of Woman and the Lower Races,” modern woman is interpreted 
from the standpoint of certain conventions and prejudices which emanate from 
the fact of sex, and which have excluded her from full participation in the 
activities of the “white man’s world,”’ with the result that she develops a type of 
mind and character not representative of the natural traits of her sex. 

Former treatises on the “woman question” have dealt in the main in a de- 
scriptive way with the history of marriage, or at least only with the details of the 
development of the marriage system, and have failed to present a theory which 
makes clear the significance of the present position of woman in society, The 
volume of Professor Thomas is the first attempt made to estimate the influence 
of the fact of sex on the origin and development of human society. 


300 pages, 12mo, cloth; net $1.50, postpaid $1.65 
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PROJECTION 
VISUAL_INSTRUCTION 


APPARATUS 


OR 


Catal **A”’ Instruments of Projection, 48 pages 


Catalogue ‘‘B”’ Places of World-renowned Interest, Miscel- 


aneous, Historical, etc., 200 pages 
Catalogue ‘‘C” American History, Portraits, etc., 32 pages 


ANY OF THE ABOVE SENT FREE TO TEACHERS 


McALLISTER MFG. OPTICIANS, Dep’t 17, No. 49 Nassau St., New York .. 


Established 1783 


VIEWS CLASSIFIED FOR ALL BRANCHES 


OUR SPECIALTY FOR MANY YEARS 


Catalogue ‘‘D” Physical Geography, 24 pages 
Catalogue “‘E’”’ Commercial hy, 32 pages 
Catalogue Works of the 

Catalogue ‘‘H”’ Science and Architecture, 32 pages 


OF STUDY 


asters, 32 pages 


The Place of Industries 
in Elementary Education 


_ By KATHARINE ELIZABETH DOPP 


“. . . « Wecan only wish that this book 
may have the wide-reaching influence 
that it deserves.— Zhe Nation. 


270 pp., illustrated, net, $1.00; postpaid, $1.11 


Address Dept. P 


The University of Chicago Press 
Chicago and New York 


ITALIAN BOOKS 


of every description 


FRANCESCO TOCCI, 520 Broadway, 


NEW YORK. 

Works of: Barrili, Butti, Caccianiga, Capra- 
nica, Capuana, Carducci, Castelnuovo, Cor- 
delia, D’Annunzio, De Amicis, De Marchi, 
Farina, Fogazzaro, Giacosa, Neera, Negri, 
Praga, Rovetta, Serao, and other leading writers, 
always on hand. 


Catalogue mailed on application. 
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OUTDOOR LABOR FOR 
CONVICTS 


By CHARLES RICHMOND HENDERSON 


A SMALL volume which presents an English 
i translation of all the reports made to 
‘the last International Prison Congress at Buda- 
pest, together with accounts of various farm 
colonies in Belgium and Switzerland, and of out- 
door work of prisoners in the United States. 
The book contains the largest body of expert 
opinion and of fact to be found anywhere on 
this subject, and the conclusions offered are 
based on the results of experiments made in 
nearly all civilized countries. The editor sums 
up the argument and recommendations, with 
special reference to American conditions. The 
topic is of burning interest to all business men, 
trade-unions, and legislators who wish to study 
the problem of prison labor in the light of all 
the facts. 

170 pages, 8vo, paper; net 75 cents, postpaid 
83 cents. 
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The University of Chicago Press 


CHICAGO AND NEW YORK 


BAUSCH & LOMB 
BH MICROSCOPE 


is the result of many years of 
thought and experiment to produce 
a really efficient scientific instru- 
ment suitable to place in the hands 
of young students, that should be 
at the same time durable and low 
enough in price to commend it to 
schools with limited means. 
@ Many schools are being equipped 
with these microscopes. 
@ Price complete with 16 and 
4mm. objectives, 25mm. eyepiece, 
$24.50; with double nosepiece, $28.50. 
@ We shall be glad to send you descriptive literature on 
request. 
q PRISM is our little lens expositor. Send for 
Copies A & D. 

5 Our Name on .a_ Photo, ic 


paratus, Engineering or any other Scien- 
Bausch lomb Optical ©. 


tific Instrument is our Guarantee. 
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DON’T TAKE OUR WORD! 
TRY IT YOUR SELF FOR 10 DAYS WITHOUT DEPOSIT 


If not satisfactory, simply return it and no questions asked. 

The Daus Improved Tip Top Duplicator is the result of 25 
ears’ experience, and to-day is used and endorsed by thousands of 
usiness houses and individuals, Railroad and 

Steamship companies, Standard Oil Co., S. Steel Corporation, etc, 

100 copies from penwritten aa 50 copies from 
typewritten originals—Clear, Clean, Perfect, 


Complete Duplicator, cap size (prints 
8% x13 in.). Price $7. 5° less 
discount of 33% net. e 


Circular of Larger Sizes upon ‘request 
FELIX E. DAUS DUPLICATOR CoO., DAUS BUILDING, 111 JOHN STREET, NEW YORK r2 


The University of Chicago Press 


books and periodicals published by the University of Chicago Press 

appeal particularly to purchasers of books other than fiction; and every 

dealer should familiarize himself with our list, so that he may pre- 

sent ——— books to interested customers. Our publications are also 

especially desirable for libraries who aim to supply their patrons with the 

more solid current books and magazines. Consult our catalogues for par- 
ticulars, or write to either our eastern or home office 


CHICAGO and 156 Fifth Avenue NEW YORK’ 


The Aesthetic Experience: Its Old Testament and Semitic Studies in 
Meaning in a Functional Psychology Memory of William Rainey Harper 
By ELIZABETH KEMPER ADAMS, Instruc- Edited by 

» Francis 
tor in Philosophy and Education in Smith College Robert Brown 


116 pages, 8vo, paper; net 75 cents 


These sumptuous volumes contain contributions 
HIS book essays to discuss the aesthetic experi- from the chief Semitic scholars of the country on topics 
ence in terms of what is commonly known nowa- of timely interest in this field. They are intended as a 
days as ‘functional psychology," and to discover memorial of a man whose influence on the study of the 
its relation to other types of experience already inter- Old Testament has been as noteworthy as his success 
preted from this point of view. It subjects to criticism in the organization of a great university. A full de- 
some recent popular theories of the aesthetic, and $cription of the collection will be furnished on request. 
brings together material that has hitherto been pre- Two volumes, 878 pages, royal 8vo, cloth; net $10.00, 
sented in isolation. postpaid $10.64, id by subscription only. 
ADDRESS DEPT. P ADDRESS DEPT. P. 
THE UNIVERSITY OF CHICAGO PRESS 
The University of Chicago Press Chicago and New York 
CHICAGO NEW YORK 
d UDSo* Reduced rates on household goods to all ™! E U N IVERSITY OF CHICA GOP RESS 
Western points. 443 Marquette Bldg., Chicago; end other modem 


Loe Angeles. Pifty-eighth Street and Ellis Avenue, CHICAGO 
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CHECKS 
ACIDITY 


When particles of food 
lodge between the teeth, in 
tooth cavities and around 
gums, acids are formed in 
which germs propagate. 
Dr.Sheffield’s Creme Den- 
tifrice in addition to having 
the most delicious flavor, 
pleasing to everyone, 
checks this acidity, re- 
moves the source of germ 

isons and retards decay. 


4 
SH } LDS t overcomes every form of 
* bad taste and unpleasant 
breath and leaves the 


SAVES TIME 


TO BUY OR SELL 
THE 


KNOWN TO EVERYBODY 


WORN ALL OVER 


mouth sweet, clean and 


fresh. It is entirely free THE WORLD 

from even the most minute 

particles of grit. MADE WITH 7 

Sold everywhere on both sides ot 

the Atlantic (or by mail esc) 

Every package has ATTACH- 

ABLE ECONOMY KEY. Agen- CUSHION 

cies in London and New York. RUBBER BUTTON 


OF ANY DEALER, ANYWHERE 


or Sample Pair, Cotton, 25c., Silk, 50c. 
: Mailed on Receipt of Price 


GEORGE FROST CO. 
: MAKERS, BOSTON 


OVER 30 YEARS THE STANDARD 
ALWAYS EASY 


The Sheffield Dentifrice Co. 


NEW LONDON, CONN., U.S.A. 12 


Literature in the 
Elementary School 


By 
Porter Lander [lacClintock 


THE fundamental ideas underlying this book are 
that literature for children should be chosen for 
its excellence as literature and forits fitness for the 


children concerned; and that it should be taught as THE GIRL QUESTION 


art, and the results produced should be literary and 

artistic results. To the end that these ideas may be 1S EASILY 
made clear and practical, available in the final de- SOLVED 
tails of the.teacher’s choice and: procedure, the 

book gives a series of detailed — > the choice 

and teaching of the various kin of stories; on 

poetry; on ys drama; on m as literature; on PRESENT HER 
the correlation of literature with the other disciplines; W ITH A BOX 
on the actual teaching of the class in literature; on 


on out-of-school reading for children; and finally a 
list of titles in literature for each of the elementary 
grades, offered as a suggestion to the inventive 
teacher, but also defended as a working program 
tested by experience. 


‘ 240 pages; 12mo; cloth; #et $1.00; postpaid $1.12. 
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Books for Bankers 
A flistory of the Greenbacks 


With special reference to the economic 
consequences of their issue 


By WESLEY CLAIR MITCHELL 

of the Department of Political Economy at the 
University of California 
This admirable treatise should be in the library 
of every banker who would understand the his- 
tory of our monetary system since the beginning 
of the Civil War. The causes leading to the 
issue of the inconvertible paper, the immediate 
and final effects of its circulation, the steps taken 
toward its retirement are accurately set forth. 
The book has received the unqualified approval 
of the highest authorities in both America and 
Europe. 


594 PP-, $4.00 net; postpaid, $4.24 


The Second Bank of 
the United States 


By RALPH C. H. CATTERALL 

of the Department of History at Cornell University 
The interesting history of this bank, on both its 
economic and political sides, is presented here 
in complete detail and with absolute accuracy. 
The author had access to the private papers of 
Nicholas Biddle, for a long time president of 
the bank, a source of information never before 
at the disposal of the historian. Numerous 
charts, tables, and thirteen appendices add to 
the value of the book. It is quite impossible to 
understand why there is not in the United States 
an institution like the Bankof England, the Bank 
of France, the Reichsbank of Berlin, without a 
careful study of this volume. 


552 PP-, $3-00 net; postpaid, $3.22 


Legal Tender 


A Study in English and American . 
Monetary History 


By SOPHONISBA P. BRECKINRIDGE 
of the Department of Political Science at the 
University of Chicago 
The very general misconception about the origin 
and nature of legal tender on the part of the 
general public and the misunderstanding about 
the subject in even the ranks of bankers and 
financiers would be dispelléd by a careful read- 
ing of this book. The author has traced the 
development of legal tender customs in England 
and America, and has so thoroughly mastered 
her topic that her book is definitive and final. 
It should find a place in every bank library. 


200 pp., $2.00 net; postpaid, $2.13 


PUBLISHED BY 


The University of Chicago Press 


CHICAGO and 156 Fifth Avenue NEW YORK 


THE TRUE NATURE OF 


VALUE 
By RUFUS F. SPRAGUE 


Mr. Rufus F. Sprague, a manvfacturer of 
Michigan, presents herewith his “fe-long 
studies on the subject of exchange value. 
In political discussions upon money he has 
taken an important part, and in the campaign 
of 1896 he was the gubernatorial candidate 
of the Gold Democrats in Michigan. 

It is interesting to note that from Mr. 
Sprague’s practical experience he was led to 
develop a service theory of value, quite apart 
from any knowledge of Bastiat’s work. 

The study furnishes an interesting combi- 
nation of the service rendered with the costs 
and expenses of production. In this respect 
the book travels over new ground, and is 
fresh and original. 

New, also, is his adjustment of the prin- 
ciples regulating coined and paper money to 
the treatment of the service theory of value. 
In his whole discussion, Mr. Sprague presents 
what he regards as the only defensible prin- 
ciples of value upon which the friends of 
sound money can base our currency system. 

192 pages, ramo, cloth; net $1.00, postpaid $1.10 
Address Dept. P 
The University of Chicago Press 
CHICAGO AND NEW YORK 


CHAPTERS IN 
RURAL PROGRESS 


By KENYON L. BUTTERFIELD 
President of the Massachusetts Agricultural College 
The increasing interest in rural matters, 
which began with the generally growing 
love of outdoor life and which has already 
included the technical aspects of modern 
agriculture, is gradually being broadened 
to embrace the field of economic and social 
investigations. At present the literature 
regarding the sociological phases of rural 

life is particularly meager. 
President Butterfield emphasizes in his book 
the importance of the social aspects of the ru- 
ral community and describes some of the newer 
movements resulting in the expansion of rural 
life. There are chapters on the work of the 
various agencies for rural development, such 
as the agricultural colleges, the farmers’ insti- 
tutes, rural schools, the Grange, the country 
church, etc. 

276 pp., 8vo, cloth; net $1.00, postpaid $1.10 
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SPRINGS WATE 


Is a natural spring water bottled at the springs only. .1t has been be- 
fore the public for thirty-seven years and is offered upon its record of 
results accomplished. In Disease, Albuminuria, Inflammation of 
the Bladder, Gout, Rheumatism, and all diseases dependent upon a Uric 
_. Acid Diathesis, it- has been tested by leading physicians at home and 
abroad. The testimony of these physicians and their patients — based 
on actual clinical test and not. on. theory—tells our story. Are they 
not competent witnesses ? | 


DR. ALFRED A. LOOMIS, Professor of Pathology and. Practicat Medicine in the 
Medical, Department of the University of New. York, wrote; “For the past four years I 
have used BUFFALO LITHIA WATER in the, treatment of Chronic Bright’s 
Disease of the Kidneys, occuring in Gouty and Rhetare subjects, with marked 
benefit.” 


DR. G. A. FOOTE, Warrenton, N. C., Bx-President tien Medical Soctety, formerly i) 
. Member of the State Board of Medical Examiners, and also of thé State Board of Health: . 
te ‘In Bright’s Disease of the Kidneys | have in many cases noted the'disappearance 
of Albumin and Casts under the actionof BUPFALO LITHIA WATER, which 
'. regard as the most efficacious of known remidies in this distressing malady.” 


DR. JOS. HOLT, of New Orleans, Ex-Président of the State Board of Health of Louts- 
tana, says; “I have prescribed BUPFALO LITHIA. WATER in affections of the 
Kidneys and Urinary Passages, particularly in Gouty subjectsin Albuminuria, and 
in irritable condition of Biadder‘and Urethra.in females. The result¢ satisfy me ‘of 
its extraordinary value in a large class of cases usually most difficult to treat.” 


GRAEME M. HAMMOND, M.D.. Professor of Diseases of the Mind and Nervous 
ue System in the New York Post-Graduate Medical School and Flosfatal: . “tn all cases of 
-. Bright’s Disease I have found. PJFFALO LITHIA’ WATER of the greatest 
: service in increasing the quantity of Urine and in eliminating the Albumen.” 


MEDICAL TESTIMONY ON REQUEST 
FOR SALE BY THE GENERAL DRUG AND MINERAL WATER TRADE 


Lithia Springs Water Co. 
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This Trademark 


used only for the 
GENUINE 


COCOA AND 
CHOCOLATE 


Look for it on all 
your purchases 


Us ot, 
Send for free recipe book, finely illustrated 


WALTER BAKER & Go. Lid. 


Established 1780 Dorchester, Mass. 


BAKER’S 


Oil and Gas 


stoves, faulty furnaces, etc., contaminate 
the air and cause sickness. Over or under 
the heating arrangement keep a. dish with 
water containing a little 


The Odorless Disinfectant 


A colorless liquid; powerful, safe, and 
economical. Sold in quart bottles only, by 
druggists, high class grocers, and house- 
furnishing dealers. Manufactured by 
Henry B. Platt, New York and Montreal; 
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have been established over 60 YBARS. By Gar 
Pp system of payments every family in moderate Gm 
cumstances can own a VOSC@ piano, We take Gm 


in your home free of expense. Write for Catalogue D and explanations, 


instruments in exchange and deliver the new 
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